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Figure 1. Disturbance is a common feature of southern California salt marshes.



CONTENTS

PREFACE

INTRODUCTICN

DEFINITIONS OF TERMS USED IN THIS GU:DERBQOK

THE NEED FOR SCIENTIFIC APPHOACHES TO WETLAND RESTORATION

THE GOALS IN RESTORING AND ENHANCING SALT MARSHES AND COASTAL

WETLANDS
1 Replacing what's been 10st
2 Increasing habiat tor endangered species
3 Increasing diversily
4. Mainaining biglogical productivity and optimurr porsulabons
5 Wastewater treatment

ARECOMMENDATIONS FOR DEFINING REGICNAL GOALS AND PROJECT
OBJECTIVES

Deveioping the site plan
Conswderations for desgning buffer zones
Hecommendahons for vegetation to plant i bulfer areas

TECHNIQUES FOR SALT MARSH RESTORATION AND ENHANCEMENT
Providing suitable habital tar sait marsh vegetaton
Summary ot specifications tfor salt marsh habitat construction
Estabiishing marsh vegetation
What to plant?
Where da ) get material to plant?
Planting techniques
Establishing cordgrass: trom seed 1o successiul estabhshment
Summary of success in growing seedlings for field transplantation
ASSESSING THE PRCJECT'S SUCCESS
What should be momtored?

RECOMMENDATIONS FOR INFORMATION STORAGE AND DISSEMINATION

COASTAL COMMISSION POLICY ON WETLAND
RESTORATIONMITIGATION

EXOTIC HALOPHYTES

AN ENDANGERED PLANT: THE SALT MARSH BIRD'S BEAK
REFERENCES

ACKNOWLEDGMENTS

36
37
39
43
46






PREFACE

Researchers have long suspecled that
exireme dryness, intermittent runoff,
calastrophic ficoding. and humarn-
nduced degradation all affect Cahtor-
nia's coastal wetlands. Until recently.
the exleni to which these changes
affect ecosystems was nol well
understood.

The California Sea Grant Coliege
Program has played an imporant role
In supporting research to provide a
beter understanding of haw coastal
weotlands have been altered by human
activities m particular. In 1976, studies
of selected wetlands were initiated
under Sea Grant supponr. The effects of
reduced tdat flushing were identified,
tha intricacies of vegetation and salinity
relationships were uncovered, and the
interactions between the salt marsh
cancpy and its underlying algal mats
were examined and documenied. As a
result of these early research projects,
a general understanding of the salt
marsh ecosystem and the responses of
wellands to human dislurbances began
to develop.

Sea Grant then sponsored research to
understand how to reserve the course
ol welland degradation by restoring
dagraded wetlands lo predisturbance
conditions, insofar as those conditions
were known. The work began with
studies of cordgrass vegetation and
grew to include all wetland habitals as
demand for information and invoive-
ment in coaslal restoration increased.
Te meat the needs of governmant agen-
cies, land owners, and wetland consui-
tants, Dr. Joy Zedler, Calkifornia Sea
Grant's coastal resources specialist,
reécorded many of the recommendations
that grew out of her research. Her
rastoration guidetines were circulated in
draft form amaong a wide variety ol
rmanagers, consulianis, and developers,
who in tum gave helpful advice for
improvement. Through scientific
research and direct involvemeni in
restoration planning, as well as interac-
tions with many users, this guidebook
evolved.

Sea Grant is pleased to make available
the results of its wetland restoration
resaarch and planning. As new prob-
lerns contront wetlands managers, Sea
Grant will continue 1o suppont research

efforis to sofve them. We encourage James J. Sullivan
your comments and suggestions toward Program Manager
those goals. Calitornia Sea Grant College Program



The influence of man along California’s
coasliine has a long history, and the
mast extensive modifications appear to
have occurred 10 the shallow-water
habitats associated wrth embayments
As a result. all of southemn Caiiforaia s
salt marshes have been gisturbed. and
naturaly functioning communities of
plants and animals are in danger of
extinction. The ‘st of distu-bances
includes artificial filing. off-road vehele
use. trampling. artificial drainage,
aitered stream discharge. reduced tioal
flow. dikes. and dredging. The effects of
these modifications are not thoroughiy
uncerstood, bul selected, large-scale
changes. such as reduction of tidal
flushing. augmented sedimentation. and
altered flooding regimes have been
studied in southern Calidornia. The
changes are often substantial and long
lasting.

This guidenock seeks to help reverse
the process of salt marsh destruction
and degradation Il gives advice on how
to restore and enhance disturbeg
marshes. This information developed
during six years of intensive study of
Tijuana Estuary (a relatively undis-
turbed system). comparative studies in
Los Penasquitos Lagoon and the San
Diego River Marsh, and interaction with
& broad range of management agen-
cies. The research work has been
funded largely by the California Sea
Grant College Program with additional
suppart trom the U.S. Fish and Wildlite
Services, the U.S. Navy, and the
Unitied Port of San Diego.

Who is this written
for?

.. &ll those concerned with restoring
coastal salt marshes.

Wetland restoration involves many
“players.” identifying you, the users of
this guidebook, is facililated by following
the process ot planning and implement-
ing a wetland restoration project. While
there are many ways that restaration
projects become initiated — arising from
lanc use conflicts; arising from
concams of environmentalists; arising
from plans to develop part of a wetland
~ @ scenario such as the following is
one exammpie.

INTRODUCTION
e S —

DEFINITIONS OF TERMS
USED IN THIS
GUIDEBOOK :

MANAGEMENT TERMS :

RESTORATION: Implies retuming a system to its predis
turbance condition, but because this is usually imposs-
ible, the term i5 expandad to mean creating habitat types
which were formerly more abundant. The actuat re-creation
of predisturbance conditions becomes impossible for
three reasons given on page 7 and in Zedler, Jossalyn,
and Onuf {1982).

ENHANCEMENT: Increasing the value or attractiveness
to wildlife; improving upon existing conditions. inthe con
text of this guidebook, enhancement involves improving
the area or condition of existing habitats or communities,
rather than creating a system de novo. Elsewhere, the
terms enhancement and restoration are used interchange-
ably. It seems useful to separate their usage in managing
coastal wetlands, as in this example: Within a given
acreage or project area, existing habitat types, such as pic-
kleweod marshes, would be “enhanced” — that is, either
improved in condition by improving tidal flushing or in
amount by expanding the area of tidal inundation. Highly
degraded areas would be “restored” to some new condi
tion deemed desirable by the management agencies. The
overall project would be termed a restoration project.

DEGRADED: The Catlifornia Dept. of Fish and Game has
adopted the following definition:

““A wetiand which has been altered by man
through impairment of some physical pro-
perty and in which the alteration has resulted
in a reduction of biological complexily in
terms of species diversily of welland-associated
species which proviously existed in the wet
fand aroas.”

(Departroent of Fish and Game, 1961, “Determing
tion of the status of the Bolsa Chica Wetiands™).

'EcmochL CLASSIFICATION
 OF HABITATS:

. SALINE CONDITIONS : Soaaommm-mmghinnn
- -.mth‘ﬁ,mmmt).ﬁmwmmnd

(ﬁﬂm séiinity). Usuaily sodium chioride (NaCl) is the




Landowner: suggests plar for
deve opmert within a watland Dies
rhigaton invaving restoraton.

Hydrologists and engineers:
aGVISe ON gesgn leasibites

Landscape architecis: -aw LE
passibie configurations,

Catifornia State Coastal
Conservancy: zssists with Manmrg:
may ass:st in funding. in accordance
with Coastal Act provision: may
purchase pan of the larg

Scientists: agvise agencies, advige
consultants

Attormeys: aovise on egalty of plans
ana decisions.

Consuiting tirms: adv:se Consery
ancy. advise {andowner.

Municipal Planning Dept.:
incarporates plans into Land Jse Piar.

Citizen groups: react 10 nians. nelp
Improve pans

California Coastal Commission:
evauales plan maxes decision on
consistency with Coasta Act,

Government agencies:

are approached for the necessary
permits - this may ncsude Cali'ornia
Cepartment of Fish & Game. U S. Army
Corps of Engnee's. U S, Environmental
Protection Agency: Regional Water
Quaity Boards, etc.

In an actual planning process. these
groups would interact in a vanety ol
interchanges, not necessari'y in the
order given here. Implementation then
involves many of the same nlayers —
‘andowner. consulting groups, and
volurteer cilizens who may take a very
active role in cn-site restoration.

Table 1. Salinity Classification.

lini Appropriate
e Salinity spacific conductance
(ppY %) (milifMhos 3 25° C)

Conditions

under(.5

Frash undar Q.05 under0.8
Brackish 0.5-30 0.05-3 0.6-45
Euhaline
or safine 30-40 34 45-60
Hyparhaline or
hypersatine over 40 overd over B0

SALT MARSH: A community of organisms dominated by

plants that are tolerant of wet, saline soils; generally
found in low lying coastal habitats which are periodically
wot and usually sallne to hypersaline. The ecological
features of southern California sait marshes are described
in detail in the Community Profile.

The term salt marsh summarizes the saline conditions of
the habitat as well as the emergent vegetation which
dominates it. Plants which grow in sait marshes are thus
tolerant of two conditions: saline and wet. Saline conr
ditions sometimes occur in the absence of wet soils, and
wet conditions often occur in the absence of salinity. The
terminology which has developed to describe these
situations is presented in the following, simple model;

The salt marsh occurs in the zone of overlap {y} while
habitats such as dunes, coastal cliffs, and salt deserts
would appear in the saline, non-wet habitats {x}; and
frashwater marshes, ponds, streams and lakes would
appeaar in the weat, non-saline habitats (z).

Conditions ; Saline

term for

WETLAND: A term defined by California’s Coastal Act
(Section 30121) as follows :

* Wetland means lands within the coastal
zone which may be covered perindically or
permaneantly with shallow water. "

As used here, the wetland is considared to include all the
peariodically wet habitats, with water provided from tides,
seepaga, rain, or stream discharge. A gradient of “wet-
ness” occurs from one habitat to the next, so that itis di-
. ficult to identify the boundaries of each exactly, but the
following types of habitats and communities are usually

mish'abw:

mumm
Ticiad croeks




Figure 2. Habitat types in a coastal wetland.

L :
f" - CREEKWr F £
. T

‘UPLAND

, TIDAL®

¥ o ‘..‘. o |

" INTERTIDAL

" CHANNEL



ECOLOGICAL CLASSIFICATION
OF PLANTS:

GLYCOPHYTE: A plant that cannot tolerate saline
conditions.

HALOPHYTE: Plants which tolerate saline conditions.
Salts pose a two-fold problem tor most plants — the
sodium tons are toxic t¢ piant metabolism and salty
watar is ditficult tor plants to absorb to meet their water
requirement. Relatively few species of plants are adap-
ted to saline conditions, the mechanisms by which
halophytes do s0 are treated in detail by Waisel {1972).

“ Controversial data exsist regarding the
question of whether halophytes require saline
conditions for their existence and vigorous
growth or merely tolerate them. .. . Onlya
faw species seem to require saits oblige
torily. Nevertheless, even though most
halophytic species are also capable ofgrow
ing in salt-free media, those plants are
usually limited irn their distribuytion to
salines.”’

{Waisel 1972)

BYDROPHYTE : Plants which tolerate wet conditions.
Waet soils are prone to develop anaerobic (low oxygen
concentrationy conditions because oxygen has low
solubitity in water, snd because microbial activity (and
hence oxygen consumption} is generally high under
moist conditions. Plants which tolerate wet or period-
ically wot conditions have aesrenchyma [plant tissue
high in air spaces} in theiratems and roots to aliow rapid
diffusion of oxygen from the photosynthesizing {oxygen-
producing) tissues above ground to thair below-ground
parts. Hydrophyies are often clessified according to
their growth form which in turn relates to the usual
water depth:

DESCRIPTIVE TERM EXAMPLE

Frewficoating Watar hyscinth; duck waed
e @ aone occur in sait marshes)
Ironts tnowatert f “ me

Submergent Dich grass = widgson grass

_— ] i MErlime
(roots tn soli, leaves (Ruppi )
and stema in waten

Emergant Most mamb plants, e.g. the

halophytes cordyrass {Spartine '

{roots in soli, foliosa) and picklewsad

sterms and/or leaves (Saticormia virpinica), and

above wter) the frashwater cattatls
{Frpha sp5.).

For more detailed
information

on the regon’s salt marshes. ang espe.
cially for descriptions of naturally func-
uening salt marsh communities. reler g
the foliowing monograph and
references cited therein;

Zedier, Joy B. The Ecology of Southern
California Coastal Salt Marsnes: 4
Community Profile. 1982 U.S. Fish
and Wildiife Service, Biologca!
Services Program. Washington, D.C
FWS:0BS8-81-54 110 pp.

This book is available free of charge
from:

Information Transfer Specialis|

USFWS/NCET, NASA-Computer
Camplex

1010 Gause Bivd,

Shdell, LA 70458

For a general progress repor on restor-
alion, reler to the Proceedings of the
February 1982 “Workshop on Wetland
Restoration and Enhancement in
California” edited by Michael Josselyn
and avallable from:

Tiburon Laboratory

PO. Box 855

Tiburor, CA 94920

and

Calitornia Sea Grant College
Program

University of California, San Diego

A-032

La Jolla, CA 2093

For a detailed discussion of Coastal Act
policies that pertain to wetlands. refer
to:

California Coastal Commission. 1981,
Statewide Interpretive Guidelines for
Wetiands and Other Environmentally
Sensitive Habitat Areas. Avaitable
from: Calif. Coastal Commission,
631 Howarg SI.. 4th Floor, San Fran-
cisco, CA 94105

For information on wetland restoration
elsewhere in North America, refer 10
Brown et al. 1979, Garbisch 1977,
Knutson 1977, Lewis 1982 and
Pomeroy et al. 1981a and 1981b
(listed in the Bibliography).

e



THE NEED FOR SCIENTIFIC APPROACHES

TO WETLAND RESTORATION
e

Wetland restoration is still in the experi-
mental phase. Several projects have
begun in coastal southern Calfarnia,
but there are stil unknowns about how
to achieve project objectives. Interaction
with wetland hydrologisis and scientisis
eatly in the process is recommended to
improve chances of project success
and 1o design projects so that future
restoration efforis will be even better
{Zedler. Josselyn, and Onuf 1982).

Who are the
scientists?

Wetland scientists are people who
actively use scientific methods to study
wetland organisms and habitats. They
include ecologists, botanists, zoologists,
soil scientists, and hydrologists who
develop and test ideas about wetland
structure and functioning. Some are
employed by universities and govem-
mertal agencies, others work as
consultants.

How can a scientist
help?

... In a variety of ways throughout the
process:

1} Setting project objectives — field
biclogists can help to determine how a
specific site can fit into the overall
resioration plans for a region. Persons
familiar with the site can provide valu-
able information on the interaction of
the site with other wetlands through
their knowledge of migrating species
and locat movements of animals and
dispersal pattems of plants.

2) Assessing the site and developing
the site pian - field ecologists can iden-
tity areas of spacial ecological signifi-
cance which should be enhanced or
satvaged. They can also idantify poten-
tial problems important to the site-plan-
ning process, such as problems of
water supply, drainage, salinity, buffer
requirements, wildlife access, etc.

Scientific input is especially important at
this stage because of the need to
assess the site's potential for erhance-
ment or restoration, Because so little is
known about marsh restoration, each
site has potential for advancing our
knowledge. Because many of the ques-

fions on how to plan the restoration lack
easy answers. a wetland scientist can
give advice on how to design the resto-
ration in order to provide the necessary
information. In many cases. it will be
necessary o do on-sile experiments
(cl. Zedler 1983) 0 determing reguire-
ments such as “How deep must pond
waler be to prevent (or allow) caltails to
devalop? How steep can intertidal
slopes be and still allow salt marsh
vegetation to develop? How much
emergent vegetalion can there be and
still allow mosguilofish lo control
mosquito populations?

To illusirate how the scientific experi-
ments (with controls and regulation) can
be incorporated into a restoration plan,
consider the examples A-B in figure 3.

A) We know 1hat revegetation is slow
on compacted soils (abandoned road-
ways and paths), but it's not clear how
muich soil tilling is required to encour-
age reestablishment of marsh plants,
For the State Coastal Conservancy’s
restoration project at a portion of
Tijuana Estuary, we recommended selting
up treatments that would utilize hand
tilling and mechanical tlling for compari-
son with control areas where no modifi-
cation was planned. In addition, we
suggested investigating the possibility
that burrowing invertebrates might be
able to aerate soils and initiate a small
project to study and evaluate their
subterranean activities.

B) We know that the endangered plant,
salt marsh bird's beak {Cordylanthus
marifimus ssp. maritimus) has been
aliminated from some coasta! wetlands,
and artificial establishment in wetlands
within its historical distributional range
is a stated goal of the U.S. Fish and
Wildlife Service's Draft Recovery Plan
for the species (US FWS 1883). Dunn
{in prep.) has found that the plant
grows wall in areas of low cover (little
competing vegetation} and that drought
provides a stress and appears to be the
cause of much morality. However, it is
not tlear what clearing and watering
regimas are desirable or necessary 10
ansure successiul germination, growth,
and reproduction of bird's beak.
Replicated treatments such as in figure
38 are needed.

3) Camrying out site plans. The
construction should be phased 1o allow
for salvaging vegetation and substrales
of ecological value. Later they can be
moved 1o desired sites. Field biologists

should work on-site with the construc-
lion crew. Topographic changss thal are
being made to faciliiate expenmentation
should be supervised by the scientist
who plans them. Initial plantings should
be deone in experimental tashion, espe-
cially for species whose ecological
requirements are poorly krown.

4) Monitoring the site. In many cases 1t
will be necessary to ritigate the
destruction ot degraded habitat by
providing improved wetland habitat,
Improvemenis should precede destruc-
tion. Assessment al the improvements
will require monitaring and input from
wetland ecologists.

5) Assessing the project's success:
recommending improvements for future
projects. Does the restored welland
resemble the desired rmixture of coastal
communities? Comparison with attri-
butes of more natural wetland commu-
nilies {i.e.. existing data bases or
concurrent sampling of nearby less-
disturbed systems) will be regquired.
Reference to unpublished data (and
hence involvemnen! of scientists) will
probably be necessary.

What are the mutual
advantages of scien-
tific participation?

Science and management are polen-
tially very compatible, and invoivement
of the scientific community in wetland
restoration shouid be viewed as an
assel, rather than a threat to the
project’s approval and completion (Metz
and Zedler 1983},

The project will benefit from having
avaiiable the lalest knowledge of
wetiand species and habitats, which
can be applied in the above restoration
phases . Furthermaore, the project

may entice the involverment of students
or faculty whose research interests
overlap with project needs. Some of the
information may be developed concur-
rently with ongoing funded work in a
mutually beneficial manner. If so. the
scientific community wiill benefit by
having access 1o sites where field
experimentation can be done and
where organisms can be observed
expanding into newly constructed sites,
Understanding of piant and animal



dynamics would thereby be fostered.
The scientists and ther funding agen-
cies will have the sahstaclion of seeing
their research resulls put to practical
usa . . a factor which is becoming
more important as competition for
research fungds increases.

Are there any
drawbacks?
Few banalits come withou! Costs.

Fostering the science of ecological
management may nct expedite a given

restoranon project. For example,
construciing & range of siopes 1o deter-
mina the optimal saft marsh habitat may
be more expensive than a single grad-
ing. However, failure to bring science
into the program may also be costly - if
the single grading lails to suppon! trans-
planted vegetation or does not aliow
natural colonization by salt marsh
species. Until this guidebook can be
revised to provide fail-safe methods for
restoring marshes. science is an essen-
fial part of wettand restgration.

A

A. Establish replicate plots using a variety of tilling methods todetermine
the best procedures for aerating compacted soils.

hand tilfing

R Sz AN % el

2 ____,4) Fei s
transpilant
burrowing

invertebrates?

mechanical
titling

B. Add sseds with appropriate replicated treatments to determine what's
necessary for successful establishment of salt marsh bird’s beak

{an annual plant}.

Unwatered

Uncleared

Cleared

Watered

Figure 3. Experiments to determine what marsh restoration techniques are required.



THE GOALS IN RESTORING AND ENHANCING

SALT MARSHES AND COASTAL WETLANDS
e e

A variety of restoratian goals have been
expressed in recent years, including
replacing what's been losl. managing
tor endangered species, Increasing
“diversity.” mamtaining "bigiogicat
productivily,” and treating wastewaler.
Just what each ol lhese means ang
what problems are involved in altaiing
the goals are topics far further analysis.
The discussion which follows points out
many dificulbes both in setting and
achieving these types of goals. But,
atter considenng the varnous
possibilities. some recommendations
{nex| secuon) ¢can be made.

1. Replacing what’s
been lost

The general goal behind the “resiora-
fion movement” is to reverse the
damage that has been done lo coastal
ecosysterns over the last century. Yey,
lor several reasons, this goal is difficult
1o achieve. Firsl of all, we are unsure of
the ¢character of coastal wetlands as
they exisled a century ar mare ago. Old
maps telt us something of the former
wetland acreage, but iittle of the
community composition. It is clear that
we have lost thousands of acres of
wetland habital, but unciear what frac-
tion of that habitat was high marsh, low
marsh, salt fat, intertidal fiat, brackish
of lreshwater marsh, tidal creeks, or
deeper channels, nor do we have
records of what these communities
wers like. The early monograph of Edith
Purer (1942) describes San Diego
County's salt marsh resources prior to
the postwar development boom, but
evan then, many roads had besn built
across wetlands, dikes wara in place,
and filing was commonly encouraged
to “reclaim” wetlands. More recent
assessments (e.g., Califonia Dept. of
Fish and Game Resource Inventory
saries) have atlempted 1o assess the
changes thal have occumed within our
salt marsh communilies, but only
general slatements are possible,

Second, thare are many disturbances
that are imeversible, especially the
manipulation of watershed hydrology
(e.9., dams that aller flow rates and
peniods of discharge and irrigation using
imporied water). Yet walershed hydrol-
ofy is extremely imporiant in determin-
ing the character of coastal wetlands.

Hestoration eftords must take into
consideration the qualities of the ad|a-
cent and upstreaarm land uses

Finally, wetland ecosysterns are highly
dynramic. Natural catastrophic events.
such as flooding, can change the
configuration of a salt marsh by ernding
or adding sediments, and the fresh-
water itselt can enhance or reduca
growlh of wetland orgamsms Il we
selecied a point in lime {0 use as a
goal tor wetland restoration {(e.g . a
century ago} i would be an arbitrary
decizion.

“Replacing what's 10st” thus becomes
an attempt! 10 make our more disturbed
salt marshas resemble our less
disturbed marshes as they have been
gescribed in recent years {cf. Zedler
1982a).

2. Increasing habitat
for endangered
species

Most species come in danger of extinc-
tion because their habitat has been
destroyed. Hunting of game animals
and competition from exotic spacies are
adoitionai threals 10 native species, bul
habilat loss seerns t0 be the major
factor invoilved in the decline ot three
sait marsh species:

The light-footed clapper rait (Railus
longirostris levipes) lives mainly in
cordgrass-{ Spartina foliosa)
dominated iow marsh; Belding's
Savannah sparrow (Passercufus
sandwichensis belding)) nesis in
upper marsh habitats, especially
those dominated by pickleweed
{Salicomnia virginica); and the sait
marsh bird's beak (Cordylanthus
mantimus ssp. marnitimus) is a plant
whose distribution is restricted 1o a
narrow elevational range near the
upper intartidal limit.

Because thase species pach oocupy
different habitats within the sait marsh,
it is easy to see that providing habitat
for one may further endanger another
(Fig. 4). The rail and the bird's beak are
both found only in tidally influenced
habitats, and reinstating tidal circulation
is a frequent recommendation for
restoring watlands. Yet reintroducing
fidal sction to diked areas may reduce
the area dominated by pickieweed" and
hence impact the sparrow’s habitat,

Simitarly, dredging channe's lo creale
teeding areas lor other endangerad
turds (2 g . tha Callorma least tern,
Sterna antitarum browrn. or the brown
pehcan, Pehcanus ocodentalisi rmight
usurp habital for intertidal species.

Crealing haoitat for a given endangered
species must De viewed as part of an
overall wetiand restoralion plan. though
if the space 13 very himited, one species’
habital may take priority over another s.
In such a case. the suitabiity of the site
lo maintain different types of habitat
should be the major determining tactor.

In all cases. single-specigs manage-
ment would provide mure habital for
that species. bul it may also involve
increasing the quality of the habitat
already there. For the rail, Massey and
Zembal {1979 have linkad high popula-
Tion densities with tafl, lush cordgrass,
and studies of cordgrass [Zedler, in
press) ink good plant growth with
increased freshwater input. Rail popula-
lions might benefit from enhanced
cordgrass growth obtained by occa-
sional irrigation. Other factors imponiant
tor the rail (such as alternative feeding
siles during high tide; prolection trom
pradalors; elc.) are bacoming identified,
and managernent lor endangered
species should be based on the most
current inlormation available. The U.S.
Fish and Widlife Recovery Pians and
individuals on their Recovery Teams are
essential sources. Recovery plans for
individual endangered species may be
oblained trom:

Fish and Wildlite Reference Service
Denver Public Library

3840 York Street, Unit J

Denver, Colorado 80205-3536
Phone 1-800-525-3426 foll free.

‘Pickleweed survives tidal inundation,
bul it may invade lower elavations when
tidas are eliminated, only to be drowned
when tides are restored.

3. increasing
diversity

Diversity has two measures in ecology
— the number ot diferent things and
their relative abundanca. When the
“thing" is species, 1 is preferable to call
the first measure “species richness,”
while indices that also include relative
abundance are measures of "species



Meanaging for one endangered bird may have negative effects on another endangered
species, because their habitat needs differ:

To manage for the light-footed To manage for Belding's Savannah

clapper rail, increase habitat sparrow, increase habitat dominated
dominated by cordgrass: by pickleweed.
C fill low m/
°'9
hlgh marsh \ )
!ﬂ ‘ﬂ YW
‘ ‘ b when space
NOT COMPATIBLE is limiting

Simultaneously managing for both may preclude changing the distributions of the two
habitat types, but can still invoive improving the quality of each habitat type:

To manage for the light-footed To manage for Belding’s Savannah

clapper ral, Improve the height sparrow, enhance the growth of
and density of cordgrass. picklaweed,

(suggested technique: occasional (techniques not yet proven, but
irrlgation with freshwater to reduce occasional watering should work in
soil salinities) non-tidal areas; returning tidal action

will probably be beneficial)

ot

Flgure 4. Make sure that restoration techniques are compatible.
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DIVERSITY AS NUMBER OF THINGS
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Figure 5. “Diversity’’ has two meanings.

diversity.” When the “thing” is habitat
lype. there are no separate lerms. Yel
the distinction is importani. It makes a
difference # the goal is to increase the
number of habitats prasent on a site or
il it is to make the existing habitats
marg gqual in area. A simple madel
iustrates the ditference in the two
maasuras (Fig. 5).

Comparing habitat diversity, “d" is
diverse by both measures, having more
habitats which are squally abundant,
while "a” has a few habitats with one
type dominant. Increasing the habitat
diversity of "a” might involve adding
more habilat types (moving loward "b"),
increasing the area of rarer types
(moving toward "¢"} or both {moving
toward "d"}.

4. Maintaining
biological
productivity and
optimum
populations

The Coastal Act recognizes that coastal

wetlands are biologically productive and

requires that productivity be maintained
to sustain “optimum populations of

marine organisms . . ." {Section 30231).
Biological productivity and optimum

populations are defined very broadiy in
the Statewide Inlerprelive Guidelines
{Catifornia Coastal Commission 1981}):

In general, biologica! productivity
means the amount of organic
malerial produced per unit time.
For the purpases of this guideline,
the concept of biclogical
productivity also includes the
degree to which a particular habiat
area is being used by lish and
witdlife species. Thus, an area
supporting more species of fish
and wildie would be considered
more preductive than an area
supporting fewer species, all other
tactors (e.g., the amount of
vegetative cover, the presence of
absence of endangered species,
etc.) being equal. (Ibid., p. 23.}
[Optimum populations of marine
organisms refer] generaily lo the
maintenance of natural species
diversity, abundance, and
composition. (fbid., p. 23.)

Restoration of salt marshes to meel
these objectives would provide habitats
tor the naturally occurring marsh fauna.
FutHilling this fourth goal is thus identical
to fultiling the first goat.

5. Wastewater
treatment

Along the Allantic Coast, expenmants
using wetlands for the treatment of
sewage have shown that salt marshes
have potenhial Tor absarbing nutnents
and punfying waste water {Vahela et al.
n press] Mos! research in this area
has deall wilh freshwater ecosystems
{Dinges 19821 In southem Catdornia
wo gxpernimenlal projec!s are Inves-
tigating the potential of frashwater andg
brackish plants to purdy water (City of
San Dieqo expenmental polyculture
facility and Santee artihicial marshes;
Gersberg et al i press) None ol the
region's sall marshes |15 being used 10
Ireal sewage. bul creahon ot artificia
marshes near s.4ll marshes may be n
the luture for southern Calfornia’s
coaslal cities

Although it may be possible o use sal
marshes for wastewater treaiment gise-
where in Nornth Amenca. it 15 nol recom-
mended lor southern Cahforria The
first reason 1s the region’'s small area of
sal marsh habital — any changes
brought about by wastewaler treatment
would substanhally aiter the resource
and conflict wath the Coaslal Act.
Second, it 15 likely that the effects on
southern Calitornia's sall marshes
would be more dramatic than observed
alsewhere (as discussed in Zedier
1982b) because the water to be recy-
cled is impored ang freshwater input
would be substanbialy ncreased.

Not is il recommended that large
volumes of imported water be released
upstream of salt marshes. either by
using agquacuiturg treatment syslems or
artlicial marshes, untass il is shown
thal the augmented stream discharge
will not destroy salt marsh habitats.
This recommendaticn does not aim o
discourage wastewater recycting. On
the contrary. it is essential thal precious
imported water be reclaimeg for reuse.
But, it is important that the treatment
faciity carefully consider the impact of
freshwater effluent on downstream
ecosysiems which are sensitive to
changes in salinity. With proper plan-
ning, it should be possible lo utilize
frashwater effluent to benelit wetland
restoration, thus turning a management
problem into a management solution
(Damgan 1981, Zedler 1982b). Restora-
tion projects which have access o
wastewater effluent may have the
greatest latitude for increasing habitat
diversity as well as the greatest poten-
tiat for vegetation establishrment ard
enhancement. However, the guality and
timing of freshwater input which can be
dllowed withoul damaging salt marsh
communitias is nol yet known. Using
wastewater {0 aid restoration projects is
in the earliest stages of
expenmentation.



RECOMMENDATIONS FOR DEFINING REGIONAL

GOALS AND PROJECT OBJECTIVES

#

None of the above suggestions is free
of planning or implementalion difficul-
ties. Yot eaach has merit and should be
considered in determining The course of
wellang reslorations. The following
recommendations are an altempt o
incorporate broad goals into the
process while reducing the chances ol
failure by resinicting gach project to
abjectives which are most suitable for
the site. Each recommandation has
hesn developed afier carelul constdera-
tion by wetland scientists in consultalion
wilh tha Califorria Coastal Conservancy
(cf. Sorensen 1982}

1. Raslaration goals should be estab-
lished lor the region as a whole.

Rationale: The natural resources ol
a region are shared by brds, fish,
inveriabrales. etc., whose popula-
tions (either as young or adults)
move from one site (o another. A
particular site must be viewed as a
part of the regional complex for
saveral reasons ~ it may be fno
small to support all habitat types
desired for the region, and it may
be unsuitable tor creating all types
ol habitat. Furthermara, i may be
especially well suited to enhance-
menl of one type of habitat. In
which case 1hat habitat should be
upgraded instead of convened 10
an alternative habitat a1 the risk ot
{ailure.

2. All of southem Calitorma (Point
Conception south to Baja California)
shouid be considered a region.

Rationale: Study ol the distributions
of welland and salt marsh species
suggests that southern California
reptesenis a bicgeographic regicn
(Macdonaid 1977a.b; Power 1980;
Zedler 1982a). Ecological informa-
tion is insufficient to dalineate the
southern boundary exactly, but it
probably extends o Bahia de San
Cuintin,

3. Specific site plans shoukd capitalize
on the atiributes of the site and not
necassarily propose 1o fuitill all regional
goals. Watland habitats of ecological
vajue should be enhanced rather than
converted to other wettand
communities.

Aatioriale: !t is easier and less risky
to enhance existing wetland
habitats than to create new onas
artificially. Wetland habitat that is

10

50 degraded that snhancement is
no longer feasibie should be
actively converted to olher welland
communities, and the type chosen
should depend on bolh the suitabil-
ity ol 1he site (e.g.. access to tidal
fiushing, availability of freshwaler
input, elc.) as well as the needs of
the region.

© 4. A single administrative unil should

assume responsibility for setting
regional priorities for restoration. The
unit should set pricrities using ecolog-
ical principles for managament of natu-
ral ecosystems (e.g., Clark 1977),
based on the concept that natural
ecosysiems are worthy of praservation
for their own sake (cf. Ehrenfeld 1976}
and based on existing legislation which
protacts indigenous species {e.g., the
Endangered Species Act and the LL.S.
Fish and Wildiife Endangered Species
Recovary Plans),

% The same administrative unit should
update prionties continuously as resto-
ration projects are implemented and as
goals are achieved.

The unit should keep track of a}
the objectives that are being
planned for each restoration
project; b) the extent to which
goals ara being fullilied by various
restoration projects; and c) the
goals that are nol baing mat by
ongong projects. As progress is
made toward achieving high priority
goals, other goals will take prece-
dence in planning spacilic projects.

Developing the
site plan

The following steps should be taken to
davealop a comprehensive restaration
plan that is congistent with regional
goals as walt as suitabie for the site.

1. The first step will be to examine the
araas, with the aid of detailed maps
and aerial photos. Because elevation is
so crilical to salt marsh vegstation,
microtopographic contours (0.5 to 1.0
oot} should be mapped. Make certain
that the reference datum (mean lower
fow waler, mean sea level, o other) is
given on all contour maps. The relation-
ship betwoon MSL and MLLW diffars
trom sile o ste, but MSL is aboint 3
feet above MLLW in Tijuana Estuary
(National Ocean Survey 1960).

a. Examine aenal photas, not only of
existing conditions, but previous
conditions as well. Note areas
under water at different imes: note
configuration of channels. identify
the history of disturbances such as
filling. dredging. diking. denudation
- see exampie of Famosa Slough
Channel (Fig. 6}. Identify areas
likely to be highly saline, as evi-
denced by white salt crusts.

b. Search for published and unpub-
lished studies of the site. Relevant
information may be found in jour-
nais, theses and disserations,
government reports, and environ-
mental impact statements,

t. Visit the site with field ecologists
and note different habitals on indi-
vidual copies of the topo maps.
Useful inlormation will be areas
where diflerent salt marsh plants
occur, relatively undisturbed areas,
limits of tidal influence. areas used
by birds and other animals, etc.
Any field notes on the exisling
acological value of the habial wil
be important for planning future
changes.

d. Note land use adjacent lo the sile
which may influence habilat quality
within the site. Determine the
area's potential impact on the
restoration by reviewing watershed
managemenl plans which will influ-
ence runo% and sedimentation. Wil
flood protection or shoreline main-
tenance measures impact the site?
Locate the nearest wastewaler
source. identify quality of ground
water if possibie.

2. Next, meet with scientists, Coastal
Conservancy representatives, and
managers from interested agencies 10
discuss the site’s potentia! in relation-
ship to regianal restoration goals.

a. Review the current regional needs
for endangered species habitat;
review the ragion’s inventory of
various wetland habitat types; iden-
fity concurrent rastoration plarning
activities.

b. Determine the project site's great-
es1 potential on the basis of the _
field reconnaissance. What are its
best ecological features? What
habitats could easily be axpanded?
What constraints are there for
establishing new types of habitats?
What habitats not present are
desirable {according to regional
needs)?



: Mission Bay, 1943
Famosa Slough Channel
is encircled

: Mission Bay, 1953
Mission Bay, 1967

» Close-up of Famosa Slough
Channel in 1953

: Close-up of Famosa Slough
Channel in 1978

Famosa Slough
Channal

T Dred? Rﬁr

Gan - Famoss Stough
Channel

_Famosa Slough
Channal

San Diego River Sarn [hego Freer
Flood Control Channet Fiood Conirol Channat

Figure 6. The history of San Diego’s Famosa Slough Channel, reconstructed from maps
and aesrial photos.

1



Figure 7. Los Cerritos Wetland Restoration Alternatives,
{proposed by Sorensen and Associates)
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Alternative sketch plans for restoring Los Study of the area by the Department of Fish
Cerritos Wetlands (in Long Beach) were and Game and site inspection by scientists
developed by Jens Sorensen and indicated that the following acological
Associates. The restoration planning had assets alroady existed, although all were
the following features which were given at disturbed:

the onset: A. Intertidal channels, creeks, and

® The site (Figure 7a) included 244 marsh (functioning intertidal wetland)
acres. Of this, 129.5 acres were to be .
restored ss wetlands habitat: the B. San Gabriel River {aquatic habitat)
remaining acreage would ba C. Power plant cooling-water intake
devealoped. {aquatic habitat)

s Studebaker Road was to be extended D. Small intertidal channel and marsh
through the site. connected to river by culvert

¢ The site abutted another potential E. Anificialty-built freshwater pond,

restoration project to the east. heavily used by birds
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Following the procedures outlined in the
pravious section, three alternative sketch
plans emerged. Their basic differences and
rationale for developing them were:

The *‘One Concentration” (Fig, 7b} : con-
solidates ali 129.5 acres of restored
wetlands into a single unit adjacent to the
existing intaertidal habitat,

ADVANTAGES: minimal periphery abutting
davelopment; large-size wetland; non-saline
pond is adjacent to tidal channel {allow Hlex-
ibility of management).

DISADVANTAGES: existing ecological
assets outside the rastoration area are des-
troyed (the small intertidal area D" and the
pond “E”); no marsh habitat would exist
adjacent to aquatic habltats B and“C".

The “Two Concentrations” (Fig.7¢}: has two
centers of wetland restoration, one adjacent
to the large intertidal habitat *'A’” and another
near the smaller intertidal area "'D.”
ADVANTAGES: both intertidal areas are
preservad; marsh habitat is maintained near
the aquatic habitats “B” and 'C”; non-saline
is located adjacent to the intertidal channel
{aliows flexibility of management).
DISADVANTAGES: the pond “E” is des-
troyed but replaced by a pond near the
larger intertidal area “A”; two smaller res-
toration sites may be less attractive to
wildlife than a single iarge site,

The “Corridor™ plan (Fig. Td): links the
ecological asseis “A-E."

ADVANTAGES: none of the recognized
assets jg destroyed; bird movements bet-
weaen these habitats should be facilitated by
the linkage; the restoration site is designed
to be continuous with the restoration of
wetland habitat to the east.
DISADVANTAGES: this alternative has the
greatest periphery abutting development;
non-saline ponds are not connected to inter-
tidal channels; two major streets intersect
the restoration area.

After the biologists provided suggestions for
the restoration design and Sorensen
developed their concepts into the above
alternative configuration, the project was
reviewed by the Coastal Conservancy in con-
junction with citizen advisory committees.
The aiternativas were modified somewhat,
and specific engineering sketches were pre
pared. Tha nature of the buffer zones sur
rounding the restoration project became 3
major issue. Citizen advisors suggested
strong desire for viewing access and
developers argued for a narrow rather than
broad buffer zone. Most of the interface
hetween the davelopment and the restora-
tion project was designated as a 25-foot but-
fer with @ comblination of dense vegetation
{both shrub and tree)}, fencing, and a berm
next to a deep channel (which was part of
the wetland). In contrast, Coastal Commis-
sion Guldelines call for a minimum 100-foot
bufier.

After months of deliberation, inzluding
consideration of economic and feasibility
analyses, a plan resembling the original
“two concentration’’ alternative was selec-
ted for implementation. Looking back at the
process (Sorensen and Gates, 1983), it is
clear that biological information was inade-
quate to develop strong arguments for any
one alternative — arguments which would
outweigh economic concerns. Still, scien-
titic input made it possible to rule out the
least favorable options early on and pro-
vided planners with biological advantages
and disadvantages from which to consider
the more acceptable alternatives.

Los Cerritos wetland's “two concentrations”
restoration project will be an experiment to
be evaluated aver the years as new projects
become plannad. YUnfortunately, without
the use of scientific experimentation, using
controls and replication (discussed in
Zedler 1983), the project will not be able to
tell us why it succeeds or fails in its various
goals.

c. Although the U.S. Fish and Wildiite
Service is developing specilic

procedures for evaluating habitats &
{Division of Ecological Services
1980}, the approach does not b

include coastal wetland examples
and is not yet being used in south-
arn California. Interaction with
agency and other wetland acolo-
gists will therefare be very impor-
tam.

3. Having reviewed needs and site
potentials, lay out specific objectives for

the restoration project:

List existing habitat types {0 be
increased in area; note rmethods
necessary to accomplish this.
List habitat types to be added to
the site; note methods necessary
to accomplish this,

4. Skeich various site contigurations
that could achigve the above objec-
tives. An aitempt o develop atemative
site configurations for Los Cerritos
Wetland {see box above) led 1o several

principles that should be considered
in future site planning:

a. Plan for habitals that will be ssff-

sustaining 1o reduce maintenance
cosis. For exampla, to create inter-
tidal sand #ats place sand along
wave-washed rather than quiet
shorelines so that it won't be silted
in rapidly.

. Buid in flexibility 10 meet changing

habitat needs or to correct habitat
resigrations that fail. i non- saline
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ponds are desired, they can be
tocated near tidal channeis and
separated by lide gates. In the
event that such ponds present
vactor control problems, thera is
the possibility for periodic drainage
or flushing with sait water. Should
intertidal habitats become more
desirable in the future, the ponds
could be converted by opening tide
gates.

€. Minimize the boundaries shared
with davelopmen which will disturb
watland wiklifa; thal is, reduce the
perimeter around the wetland.

d. Create large wetland areas by
having the various habitats adja-
cent 10 one another,

1) Link together separated wetland
habilats to foster wildtife (bird and
fish) movements.
2) Consolidate scattered habitats
into larger units. These two recom-
mendations may conflict with one
another, as was experienced in the
planning 1o restore Los Cerritos
wetland.
5. Plan for adequate buffers between
the wetland and adjacent
devalopmants.

“A bufter area provides essential
open space between the develop-
ment and erwironmaentally sensitive
habitat area. The existence of thig
open space ensures that the type
and scale ot deveiopment
proposed will not significantly
degrads the habital area {as
requirad by Section 30240). Thare-
fora, development allowed in a
buffer area is limited 10 access

paths, fences necessary 1o protect

the habital area, and similar uses
which have either banaticial eflects
or at jeast no significant adverse
effacts on the environmentally
sansitive habitat aresa. A buffer
area is not itself a part of the
environmanially sensitive habital
area, but a "bufler” or “screen” that
protects the habdtat area from
adverse environmental impact
caused by the developmaent.”
(California Coastat Commission
1981, p.21),

Concepls o be considered in designing
the buffer zone are discussed foliowing
point number 8.

6. Evaluate the ahernative skeich plans
with the help of scientists and resource
managers. Develop a list of advantages
perspectiva. Review the configurations
in relationship to surrounding land uses
in orger 1o assess compatibiity. Rank
the sketch plans and proceed with

14

prefarred concept.

7. Plan the delails of vegetation eslab-
fishment and enhancement, as
discussed in a later section. Specify
sites for anhancement, as discussed in
a latar saction. Specily sites for experi-
mental work; indicate phasing of experi-
ments and implementation of marsh
restoration. Design experimental plots
for comparison of aiternative rastoration
techniques, where specific guidelines
are nol available (as discussed in a
later section). Work with scientists to
design the experimants.

8. Plan the monitoring phase of the
project in conjunction with scientists
who will conduct the expenments
recommended above.

Considerations for
designing buffer
zones

The strip of 1and thal separates devel-

opment from environmentally sensitive
wetland habitat has the function of

. protecting wetland species from the

negative impacts of unnatural surround-
ings. In addition, the open space
provides watland wildlife with some
features formerly availabie as transi-
tional habitat. For species that fly into
and oul of wetlands, the buffer also
protects the flight path so that aerial
access is maintained.

Both the width and ihe character of the
strip can be varied in designing the
buffer zone, and the important guestion
is which combinations of zone width
and type will provide the necessary
buffering capability. The Wetiand Inter-
pretive Guidelines (California Coastal
Commission 1981} suggest that the
width of tha bufter can vary depending
on the analysis of seven standards:
biological significance of adjacent lands,
sensitivity of species to disturbance,
susceptibility of parcel to erosion, use
of natural topographic features {o locate
development, use of existing cultural
features 1o locate buffer zones, lot
configurations and location of existing
development, and type and scale ot
devetopment proposed. The guidelines
recommend 100 it as the minimum for
small projects and much wider buffers
for larger projects such as subdivisions
{ibid., page 21).

Criteria jor determining the guality of
buflers are also provided by the
Commission Guidelines. Allowable
features inchude access paths, fences,
and uses that do not have significant
adwerse effects on the area being
protaciad.

| More recenlly, it has baen suggested by
the Calilornia State Coastal Conservangy
{1982) that a combination of dense
vegetation, fencing, and berms nexi tg
the wetlands channels will conirol
physical access, visual disturbance.
and noise.

Because different buffer dgesigns have
not been compared for their ability to
protect wetland species from distur-
bance, H is difficult to make specific
recommendations. Until narrower
buflers are shown to be as effective as
wider buffers, preference must go
toward maximizing width. Scraening
density should also be maximized next
to deveiopments of high noise and
visual disturbance. Fenging will usually
be necessary 1o restrict access of
people and pets.

Once a buffer has been designed o
protect the wetland from disturbance,
one should consider additional features
that could further improve the restora-

~ tion project. Buffers can go beyond the
© basic function of protecling wetiand
species from adjacent development.
Some suggestions follow:

1. The butfer zone can provide habitat
for native species that are characteristic
ol the transition habitats that normaly
oceur between wetlands and uplands
(see following section for vegetation
recommendations). Mative birds,
insacts, small mammals, reptiles. and
amphibians may be abie to use some
of the buffer area; their presence
should enhance the overall project.

2. The buffer zone can provide addi-
tional habitat for wetland species. In
natural wetlands the transition zone
provides habitat and space for wetland
birds to avoid predation, to rest ar
“loaf,” to escape high tides, o feed on
transitional species such as insecls.
and 10 obtain nesting materials. Biolog-
ical materials moving into the wetland
from the buffer may be imperant to
detritus-based food chains in the
wetland.

3. The buffer topography may be 8
suitable site to plant rare and _
andangered plants. Although eml?g‘cal
knowledge of plant requirements 15
incormplete, ongoing research projects
could benefit from the availability qf
habitat where establishment exper-
ments could be parformed. In saliné
substrales, the wetland plant, sait
marsh bird’s beak (Cordylanthus
maritimus ssp. maritimus) is a candi-
date for such experiments — its naturdl
habitat is within the upper salt marsh.
but it may be possibie to extend it
distribution to higher elevations with
expatimental manipulation, Such

“experimental gardens” coulkd then



provide seeds or plants for reintroduc-
tion to habitats where the species has
been eliminated. In non-saling subs-
trates, an endangered vernal pool plant,
the San Diego Mesa Mint { Pogogyne
abramsti) might be grown for similar
benetits.

Carrying out the above suggestions
should lead 1o an improved restoration
project. In addition, there are design
concepts that could be carried out in
one restoration project that would ulti-
mately benefit later projects. Part of the
buffer could be planned as an exper-
ment to test the effectiveness of differ-
ent widths or types of buffers. The
major caution here, however, is to
provide potential for future modifications
— buffers that prove to be ineffective
should be upgraded.

Recommendations
for vegetation to
plant in buffer areas

Native vegetation is recommended tos
use in buffering the upper salt marsh
from development. The use of species
from the upper marsh transiton and
coastal scrub vegetation types serves
wo purposes; maintenance 1s reduced
because the species are crought toler-
ant, and the transitionat habitat (now
quite rare and usually highly disturbed)
will be enhanced.

Choosing the species and their planting
densities poses some problems
because there are few examples of
natural transitions to mimic. Nor are
there examples of transition restorations

‘o indicate which species will transplant
mast readily. To date, onlfy one restara-
tion project has focused on the transi-
tional habitat. The Southwes! Wetlands
Interpretive Association has funding
from the California Coastal Conser-
vancy to restore part of the Tjuana
Estuary Therr experience will provide
much needed data on problems and
successes.

For guidance in selecting species far
buffer zones. refer 1o data on natural
abundances of transition and coastal
scrub communities. Neuenschwander et
al. (1979) provide the only quantitative
information on salt marsh transition
vegetation. and therr list of species and
abundances is duplicated in Table 2.
Alhough their data are from Baja
California. the common species also

Table 2. Characteristics of the transitional plant community between upper salt marsh and upland
vegetation at Bahia de San Quintin, 30°31° N latitude, Baja California ({from Neuenschwander et al.
1979). Data are average percent cover estimated visually in 224 quadrats and frequency of encounter
in 2240 quadrats distributed among 14 sites,. The range of values is given in parentheses in order to

show site-to-site variability.

Bare ground accounted for nearly 30% of the space in the transitional zone at the time of the vegeta-
tion survey. Whether or not the bare spaces were seasonal ponds was not discussed by the authors.
“Most of the transition zones occur on relatively steep slopes and vegeiation changes are abrupt.”
{lbid., page 168). Mean slope was indicated at 15%.

Species

% Frequency

% Cover

Menanithochioe litioralis
Salicornia subterminalis
Frankenia paimeri
Alriplex julacea

Limonium calilornicum
var. mexicanum

Lycium brevipes

Frankenia grandifolia

Salicornia virginica
Alriptex watsomnii

Gasou! nodifforum =
Mesembryanthemum nodiflorum
{exotic species)

Suasda cakifornica var: californica
Cressa truxillensis var: vallicola
Euphorbia misera

Dudiaya briffonii

Distichlis spicala

Allenroifea occidentalis
Aesculus parryl

Juncus acutus

Mammiliaria dicica
Machaerocereus gummosus
Echinocereus marntimus
Haplopappus venstus

42 (7-49) 22
39 (13-74) 21
a2 (4-68) 19
(1-24)
{0-62)

3-11)
(0-16)
(0-21)
{0-18)

(0-55)
6-62)
6-30)
(0-6)

{0-13)

{0-6)
(0-7)
10-21)
(0-16)

{0-25)

(©-8)
(6-7)
(C-4)
(0-2}
©-5)
(0-3}
(©-1)
(-1)
(0-1}
(0-1)
(-1
(0-1)
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Dominant Species
Rhus integrifolia
Eriogonum fascicuiaturm
Rhus laurina

Arternisia californica
Cnecridium dumoasum

{ Tota! Pianmt Cover = 99.5%]

Spacies
Agave shawii
Machaerocereus guImmosus
Echinocereus maritimus
Mammillana dicica
Bsrgerocactus emeryi
Dudieya ingens
Myrfillocactus cochal
Opuntia rosanca
Franseria chenopodifolia
Euphorbia misera
Harfordia macroptera
Lycium cafifornicurn
Galvezia juncea
Rhus inlegrifolia
Rosa minutifolia
Viguiera laciniata
Simmondsia chinensis
Erogonum fasciciiatum
Ephedra californica
Ahus iaurna

occur in southern California marshes.
The marsh transition would normally
grade into coastal sage serub and
coastal sage succulent sCrub commu-
nities, and species from these native
habital types should be consigered for
planting higher in the buffer zone. The
species native to southern California
and Baja California are listed in Table 3.

S
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Tabls 3. Upland plant communitios found near coastal wetlands.

Compaosition of the Southern Calilomia Coastal Scrub
{from Mooney 1977)

Data are from Camp Pendiston in San Dieyo County

Composition of Coastal Sage Succulent $Scrub {from Mooney 1977)

Data are from low-slevation areas of
San Pedro Martir, Bajs California

% Covar

8

4
<1
<1
1

1
=1
<1
18
<1
2
<1
<1
<1
16
<1
7

1
<1
<1

Type of Plant

evergreen shrub
drought-deciduous
evergreen shrub
deciduous shrub
evergreen shrub

Type of Plant

ieaf succulent
stem succulent
stem succulent
stem succulent
stem succulent
leaf succulent
stem succulent
stem succuient
grought-geciduous
drought-deciduous
drought-deciduous
drought-deciduous
drought-deciduous
evergreen shrub
drought-deciduous
drought-deciduous
avergreen shnub
drought-deciduous
evergreen
evergreen shrub
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Figure 8. Common plants of southern California salt marshes.
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TECHNIQUES FOR SALT MARSH

RESTORATION AND ENHANCEMENT

e

Creating or enhancing a salt marsh
ecosystem involves manipulating the
environment, the species, or both. The
characterislics of scuthern California
salt marshes are described in detail
elsewhere (Zedler 1382a). and only an
overview is presented here,

The biological components to be
considared in marsh restoration are the
vascular plants {halophytes), the zlgae,
and the various animal species.
Because animals are likely 1o move into
or out of marshes on their own in
response 10 the availability of suitable
habital, it is often assumed that animals
will utilize artificially created or
enhanced habitats. In fact. no resiora-
tion project has been followed long
enough o determine when artificial
marshes match the wildlite vatue of
natural marshes. There is a great need
for research in this area, as

encouraged in the manitoring section.

Sait marsh algae are also assumed to
imvade suitable habitats of their own
accord bacause most are readily
dispersed. Aigal mats tend io develop
on all wet substrates whete light is
available. Hence, transplaniation should
not be necessary, but again, this is an
assumption. Whether or not the algal
communities that develop are like those
of natural marshes remains to be
demcnstrated.

Overall it is imporiant to recognize that
all components of the salt marsh
ecosystemn inferacl. Measures taken 10
anhance one component will have
effects on others. In such cases foster-
ing one component witi augmeni
another (e.g., denser cordgrass should
benefit the lighi-footed clapper rail); in
other cases, enhancing one component
may dampen another {e.g., denser
cordgrass canopies may reducs under-
story algal growth).

Providing suitable
habitat for salt
marsh vegetation

Tidal inundation, elevation, slope, soil
salinty, wave force, and nutrients all
interact to determine what halkophyles
0ccur in a salt marsh. Various distur-
bumahoaﬁactmever?;t;ﬁw.dw
by altoring growth or by ing 5pace
available {o allow invasion. The pattems
of occumence seen in marshes such as
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Lipper Newport Bay (Table 4) resull
from the interplay of all these faclors.

1. Tidal influence. Salt marsh vegeta-
tion, in order 1o develop its natural
potential, should be provided with tida
influence similar to that of natural
marshes — that is, protected from wave
force and strong currents.

Sall marshes occur naturally along
protected intertidal shores. They also
persist when tidal inundation is blocked
by tide gates, sand bars, or dikes.
Some of the species develop around
inland depressions where water and
salts accurnulate (alkali flats). Salt
marshes that have been removed from
tidal inundation differ in various ways
trom those that are intertidal. Moisture
collects from raintall and runoft, and the
wetland soil tends 1o impede percola-
tion, so that the area is wef following
winter rainfal! and gradually drying
through summer. Algal mats are less
obvious with reduced soil moisture.
Halophytes may either increase in
biomass or decrease, depending on the
soil moisture, saliruty. and nutrient
conditions ot non-tidal wetlands (Zedler
et al. 1980).

Whether or not salt marshes can be
artificially established in non-tidal
habitats has not been determined.
Several species have been observed
growing from seed in diked, seasonally
wet areas of Ballona Wetland and
Bolsa Chica Wetland, but whether seed
would readily disperse into areas which
lack remnant salt marsh vegetation is
unknown, It may be possible and even
desirable to transplant some species of
halophytes into non-tidal areas, allow
roots to 1ake hold, and then open the
area to tidal flushing. An advantage
would be the ability to reduce soil salin-
ity by watering with freshwater, thereby
stimulating growth before subjecting
piants ta marine water. Such a proce-
dure needs 1o be tested experimentaliy,
comparing establishment rates with
plantings in habitats that are intertidal
from the onset,

2. Elevation. Patterns of intertidal vege-
tation are readily referenced to eleva-
tion which serves as an indicator of
moisture, salinity, and other substrate
factors, all of which influence halophyte
growth. Many of the relationships
between plants and nutrients, plants
and solf texture, etc., have not been
worked out, but it is sale to conclude

. that elevation must first be suitable in,

order 1o expect success in establishing
the desired halophyte cover. The eleva-
tion ranges occupied by nine common
halophytes are indicated in Figure 9.
Most species can occur aver a broad
range of intertidal elevations. but each
has a peak abundance in different parts
of the marsh. Contouring the topog-
raphy to incluge MSL 1o extreme high
water will provide suitable elevations for
salt marsh species.

3. Slope. Natural salt marshes appear
flat. Steep lopography appears along
some creek banks and sometimes as
blufts adjacent to the wetland. The rela-
tively flat marsh topography reflects the
conditions under which rmarsh sed:-
ments are laid down — quietly flowing
water where fine particulates settle gut.
A typical transect across the vegetation
at Tijuana Estuary’s salt marsh (Zedler
1977) had only 1% slape. Thus, to
represent the tulf range of intertidal
vegetation would require a band
approximately 200 yards wide extend-
ing from channels at MSL to transiional
habitats at EHW.

Can steeper siopes support salt marsh
vegetation? There are examples of
steeper slopes within Tijuana Estuary’s
marsh, as well as elsewhere, but the
maximum slope that can support salt
marsh vegetation has not been iden-
tified. The best advice is to create reia-
tively fiat intertidal topography that
slopes very gradualty toward the inter-
tidal channels. This has two positive
atiributes: there will be large areas
available for salt marsh (cf. Fig. 10). and
tidal water will not become impounded.
Araas which are sither too llat (0%
slope) or not graded toward channgls
may impound lidal water and prevent
vegetation growth. Even with grading,
some intertidal pools may form with the
shrinking of sediments. Unless such
pools produce pests such as
mosquitoes, they will be an asset to the
marsh ecosystem, The additional
habitat type will support algae and
invertebrates, and ray be used by killi
fish (Fundulus parvipinnis).

Will the topography be stable after fidal
barriers are breached? Some accretion
and erosion will occur. Hydrological
engineers should be consulted early in
the planning to ensure that major sedi-
ment redistribution is unlikely.

4, Soil salinity = interstitial saltnity.
Although natural marsh soils are usually
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Figure 9. Salt marsh plant distributions across the intertidal elevation range.

Areain a strip
100 yds. x 2 yds.
of vertical drop

Percent slope

20,001 sq. yds.

10,002

5,004

Figure 10. Comparison of area available for marsh
vegetation given different slopes. Allfigures
based on a strip 100 yards (91 m] long.

hypersaline, vegetation establishment
will probably benefit from reduced soil
salinities. Studies of salt marsh vegela-
tion in the fielgd (Zedler et al. 1980 and
Zedler in press) and laboratory experi-
ments (Barbour and Davis 1970,
Barbour 1970) show that rates are
improved when subsirates are less
saline than those found in naiural
marshes.

Experience 10 date indicates that
cordgrass sprigs, transplanted into
hypersaline soils (above 50 or 60 ppt)
will have high monality. Pickiewesd
grows inn much more saline soils than
cordgrass but too few experiments have
been done with this gpecies to identify
permissible pianting salinities tor south-
em Califormia.

Watering with soaker hoses is proposed
as a mechanism to improve transplan-
tation success in hypersaline areas. As
mentioned in the discussion of tidal
influence, areas that are diked could be
tiooded with fresh water to reduce soil
salinities for transplantation prior to
making the area tidal.

Can soils have loo little salinity for the
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Table 4. Composition of the Salt Marsh at Upper Newport Bay (from Vogl 1966}

Spartina foliosa
Batis maritima
Salficornia virginica
Suaeda califomica

Frankenia grandifolia

Distichiis spicata

Trigiochin maritima
Limonium californicum
Menarithochloe littoralis
Cuscuta safina
Spergularia marina
Jaumea camosa
Juncus aculus

Gasoul chilense
Scirpus californicus

Salicornia subterminalis

Lower Marsh

Middie _U_pper Marsh

% Freq.

% Cover

% Freq. % Cover % Freq %o Cgvef__

B8
5
13

38 19 1 1

88 15 22
84 23 70

& 12
26 30

Frequency of occurrence was tallied in 600 quadrats; percent cover was assessed visually in 240 quadrats.

establishment of salt marsh vegetation?
Yos. Soils that are fresh to slightly brac-
kish will allow natural invasion of

species from fresh water marsh amd
brackish marsh habitats. In the San
Diego River Marsh {Zedler 1981) there
was rapid invasion of Typha doming-
uensis, Scipus robustus, and Pluchea
purpurascens, all of which are absent in
saline habitals. Once established under
fow salinities, the Typha and Scirpus
have both persisted, even under
satinities of 25 to 33 ppt. From this
expernience, it appears prudent to

reduce soit salinities briefly and only 10
brackish conditions. The reduction of
Tiiuana Estuary marsh soils to 15 ppt
after the 1980 flood was not followed by
invasion of glycophytes, Without further
study of invasion under different salinity
regimes, these findings must be used
as a guideline, and these recommenda-
tions should be implemented as expeTi-
ments, with careful records of results
under different planting conditions.

The salinity of moist scils is easily
measired with a salinity refractometer
{available from most scientific supplY
houses for about $500). A drop of soil
water can be squeezed ontp the refrac-
fometor using a syringe (sans needie)
fittad with a small circie of filter papeT
onto which a small sample of soil IS
compressed. Salinity is read directly O
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Figure 11. Some experimental sites proved unsuitable for

cordgrass establishment. This exposed bank in
San Diego Bay had high wave force and was
subject to sediment movements as well as
accumulations of floating algal mats. Cages made
of aviary wire were placed over alternate sprigs of
cordgrass transplants to prevent harbivory.
However, mortality of plants both within and
outside cages indicated that grazers were not the
limiting factor.



a scale from 0-150 or more parts per
thousand. depending on the instrument.
Dry soils must first be wetted, and
procedures far mixing standard soil
pastes are given in Richards (1954).

5 Wave force. In some parts of the
world (e.q., The Netherlands) Spartina
is deliberately planted 10 contra! shore
arosion and to foster sediment accre-
tion. in other places {e.g.. Great Brit-
ain), hybrid sirains of Spartina (5.
lownsendii = S. aftemnifiora x S.
maritima) are considered weeds
because their vigorous invasion of
mudflats modifies shorebird feeding
habitats and accelerates the filling-in of
wetlands. n the Uniteg States, research
to ulilize Spartina afternifiora 1or control-
ling eroding shorelines has been
actively pursued, especially for stabiliz-
ing dredge spails (Woodhouse, Seneca
and Broome 1974).

Can Spartina folicsa withstand heavy
wave action and be used fo similar
advantaga? Probably not in southern
California. Trangplantation of cordgrass
to dikes in San Diego Bay met with
nearly 100% mortality. The site experi-
enced heavy wave action, shitting of
sediments, and deposition of flpating
algal mats (Uhva sp.). High soil salinities
and steap banks were complicating
factors, so it is not certain that wave
force was respongible for all of the
mortality (Fig. 11). However, the experi-
ence suggesis that cordgrass is not a
panacea for slowing the erosion of
slesp banks.

6. Nutrients. Nitrogen may be limiting to
plant growth in the proposed marsh
substrales. Phosphorus is rarely limiting
to salt marsh growth, although it can
enhance productivity if nitragen is aiso
added. We have successfully increased
the growth of picideweed {Salicornia
virginica) sevenfold by fertiizing with
urea (application rate = 10 gN/m?
biweakly) in the San Diego River Marsh
(_1 877 data of Dennis Turner, unpub-
lished). Additional expenments with
cordgrass are underway, and we axpect
1o work out recommendations for deter-
mining when fentilization is needed.

7. Toxic compounds. The soils of many
siles mada available for sait marsh
establishment may contain heavy
metals, toxic hydrocarbons, or both,
especialy if they result from dredging.
At present, the concentration of these
materials that various salt marsh
Spacies can tolerala is not known. The
Port of San Diego is obtaining exten-
8ivé information on the soils of their
San Diego Bay dredge spoil island. Ulti-
mately they will be planting halophytes
and assessing their success in marsh
establishment,

Summary of
specifications for
salt marsh habitat
construction

Create intertidal topography (MSL to

EW) with low slope (1-2 % is probably
ideal) and with protection from waves, if

! substrates are hypersaline or becoms

hypersaline after construction. take
measures to reduce soil sahnity prior 1o
planting. Either wait until winler rains
have reduced salinity or irrigate with
fresh water. Exarmine the potential tor
using wastewater to waler and fenilize
simultanecusly.

Establishing marsh
vegetation

Salt marsh vegetation may establish
naturally once a site with the above
characteristics is made available.
However, it may take years or gecaces
before a communily of plants sirmilar to
those at Tijuana Estuary, Upper
Newport Bay, Anaheim Bay. or Mugu
Lagoon develops. Many of the piant
species appear to have limited ability to
invade bare substrales. Pickleweed
{Saficornia virginica) 15 the most oppor-
tumistic invader of intertidal substraies.

it has the broadest range of tolerance
for wetland habitats and becomes
abundanl over a wide range of eleva-
tions (Fig. 9). Nearly monotypic stands
nave developed in areas of known
disturbance history. e g., the San Diego
River Marsh following flood control
channet construction and San Francisco
Bay's Hayward Marsh jollowing dike
rermoval (Niesen and Josselyn 1981).

Why don't other species invade as
rapidly? In some cases. the limiting
factor is soi salinity that is too high for
seedling establishment, in other cases,
there simply may not be seeds
available.

Is there an easy way to find out whal
liruts seedling estanlishment? Some
simple expenments can heip differ-
entiate between the soil salinity and
seed avaiiability. We recently developed
a technigue to explain fow seedling
densaity al the San Diego River Marsh,
and a slight modification shoutd work
nicely fo “hioassay” substrates for
marsh establishmert. The method uses
pickleweed seeds {Salicornia virginica)
which can be collected in late summer
- prederably from sites where the
species is very abundant. Permits are
required for seed collection in reserves,
State Parks. or cther refuges. Seeds
can be shaken from the dried lips of
mature fruting branches without uproot-
ing or damaging the plant.

Map 1. The broad flat coastal plain near Los Angeles provided
extensive habitat for salt marshes in the 1890’s.
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Treatment

Results and Interpretations

If salt marsh plants germinateinallthree
containers, your soils are likely to
develop vegetation without assistance,

A Saline soils without seeds added

If germination occurs here butnotin A,
seeds are probably limiting, and some
planting is in order.

B: Saline soils with seeds added

Good germinationin thistreatmentbhut
not A or B indicates that salinity is too
high and watering may be required or
waiting until heavy rainfall occurs may
be necessary.

C: Leached soils without seeds added

O OO

Figure 12. A simple bioassay of soils.

Germination in D alone indicates that
both salinity and seed sources are
limiting. Watering and planting are
recommended.

NOTE: This bicassay will indicate what i found mainly in areas where colection

What to piant?

amendments are necessary for
pickleweed esiablishment, but because
pickieweed s somewhat more talerant
of soil salinity than cordgrass and
perhaps other marsh species, it may
not be ingdicative of amendments
needed for all possible transplant agen-
cies (Fig. 12).

Coilect a bucket ot surface soil (top '
inch) frem the proposed intertidal marsh
site. Measure soil salinity. if it is 20 ppl
or higher, it may be limiting germination.
Measure out about 12 sirmilar subsam-
ples of the soit and treat in the following
way!
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Place 6 in flat containers wilh clear
lids {2.g.. plastic wrap}. Add a large
number of pickleweed seeds to 3
of these 6 containers (germination
may be 50 %, sO add seeds !
excess). Place B into furnels lined
with large coffee filters. Pour _fresh-
water through these soils untit the
leachate is reduced in salinity to 0-
5 ppt. _
Gecant the soiis into 6 flat contain-
ors with clear fids. Add picklewged
seeds 1o three of these B contain-
ers. Keep containars in patural light
and keep moist for a mon!h.
Assess seedling germination
success and refer to Fig. 12 fo
interpret findings.

'
I
L
H
‘

The most common species of salt
marsh plants are listed in Table 4 with
selecled aftributes which may influgnce
the choice for planting. Two species are
especially imporiant for providing
endangered bird habitals (pickleweed
and corgdgrass). Another species, not
listed because it is itself endangered, is
the salt marsh bird's beak, Cordyian-
thus maritimus ssp. maritimus (see
page 39 for special discussion). If the
marsh restoration goal is 1o assist the
recovery of endangered species, then
these three species will have high prior-
ity for planting.

if the restoration objective is to astab-
lish vegetation similar to that found in
less-disturbed salt marshes, then a vari-
ety of species should be introduced to
the area. i public approval of the
project is an important consideration,
then some of the plants with showy
flowers should be strategically placed
near access points. Limonium califor-
nicum and Frankenia grandifolia have
lavender flowers and attractive foliage.

Where do | get
material to plant?

Mog! of the species will have limited
availability for collection, or will be

is prohibited. The best souce of piants
and seeds is from the salvage ope'a-
tion prior 1o site construction. The next
most desirable is a nearby site that wrl
be altered by deveiopment or restcra-

_ tion. Matenal should never be brought

1 in from distant wettands. as thes wrl

contaminate the local gene pools and
may reduce success if atien populations
cannot lolerate southern Calitornia’s
hot, dry summers.

t The source of propagules for establish-

ing salt marshes will continue to e a
limiting factor until native-plant nurse-
ries gear up 10 meet restoration needs.
In the meantime, it is recommended

i that an on-site nursery be established

specifically tor the purpose of supplying
future materials for site restoration.

Plantings will thus be phased in the
following sequences:

1. Choose the most favorabie part o
the site for an on-site nursery in order
to maxirmnize growth and reproduction.
Plant this nursery with the larges!
number of species desired for the future
marsh. This will also serve to determine
which species will grow well on the site.
Plant individual species weil apart from
one another 1o facilitate future replant-
ing. A sample scheme is presentsd in
Fig. 14. Planting techniques are treated
in the next section.



Figure 13. Wetland plants are too valuable to destroy. Salt marsh vegetation is being
salvaged prior to resculpturing the topography and increasing the tidal
circulationat Cabrillo Marsh in this project sponsored by the Port of Los Angeles-
Plants are movedto a holding area and irrigated daily prior to transplantation
after site preparation.
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Table 5. Plant characteristics to keep In mind when planning an artificial marsh.
Note: all of the following plants except Salicornia bigelovii and Suaeda californica spread

vegetatively.

1. Cordgrass (Spartina fohpsa)

tall grass
desirable wildlife habilat

2. Saltwort (Batis maritima)

succuient

spreads very well by runiners: some 5-6 feet long

rargly form dense cover in sputhem California

most plants grow close o the ground

older leaves usually drop ofl in summer, leaving
tufts of young leaves at ends of bare branches

flowers are inconspicuous on oval fruitlike
structures, which also break off

3. Annual pickleweed {Salfcarnia bigeiovii

germinates after winter rains, produces seed In
jate summer and dies

has the highest germination and seedling
establishment rates in natural marshes

usually grows with saltwort

4. Pickleweed (Salicornia virginica)

succulent

most widely distributed species in southern
Cailifornia marshes

tolerant of a wide variety of condilions,
from low 1o high slevations

does occasionally spread by seed'seedlings, but
usually spreads vegetatively

growth form varies with enwvironmental conditions,

from short and bushy at figher elevations
to tall and spindly at low elevations

can reach 3 feet in height and produce dense
canopies under brackish conditions after plants

are well established
flowers are inconspicuous; taller plants are used

by Savannah sparrow for nesting

5. Jaumea carmosa
succulent member of the sunflower family
produces yellow flowers
spreads well; can send out long runners under
low salinity conditions
can be propagated from rhizome sections

6. Arrowgrass { Triglochin concinnum)
succulent grasslike species
parly growing and flowering plant; leaves are

small: flowers not showy
dies to ground after its early-sprng activity period

7. Salt grass (Distichiis spicata)
mat-forming grass, similar to Bermuda grass in

appearance

can form pure. thick stands, but is usually nol
abundant in natural marshes

seems to do best in sandier conditions

tolerates droughl

8. Frankenia grandifoha
bushy plant with reddish stems and dark green
leaves — very altractive
praduces small but pretty lavender flowers
can be stored for at least 2 manths in cald room
conditions {roots in water}
can form pure stands

9. Sea lavender (Limonium cafifornicum)

the showiest of the rnarsh plants — sends up a tall
fruiting stalk with tiny lavender flowers; related

to stattice
large broad ieaves in a basal rosette

10. Shoregrass {Monanthochioe littoralis)
low, mat-forming grass
spreads well intc open areas by sending out long
{3 feet or more) runners
goaod stabilizer
leaves are short and prickly

11. Sea blite {Suagda californica)

succulent
rarely forms pure stands
usually cccur as isolated individuals

12. Glasswort (Salicornia subterminalis)

succulient

tow bushy perennial of the high marsh

can form pure cover, but often is mixed with
Monanthochioe tittoralis

2. Collect seeds for sowing elsewhere
on tha site, choosing the elevation

where growth of that species was great-
ost. Save seeds until the next rainy
season, and work seeds info the

surface soil after soil salinity has been
reduced by rain or irigation.
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Planting techniques

Al of the species produce seeds, and
many reproduce vegetatively as well.
Hence, depending on the spacies, there
may be a choice of using seeds or
transplanting shoots.

Success of transpiantation is greatest
when whole plants are moved because
roct systems are not disturbed, bult this
is also the mosl damaging technique for

the source area. Hence, it is recom-
mended only for high-risk establishment
sites — i.e., where salinity cannot be
sufficiently lowsred; where wave force
may ba 100 strong.

Our experimental work has dealt mainly
with cordgrass because of its impor-
tance !o endangered species and
because it is known 1o have declined in
southern California salt marshes.
Results from our work have shown that
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Figure 14. Suggested planting scheme for aresource garden - a high diversity demonstration
plot from which future transplants might be taken. Allow room for expansion
between species rows. Mark elevations with stakes and follow success of each
species at different elevations for aid in future transplants. [Recommendations
follow from species distributions at Tijuana Estuary {Zedler1977]).

et

herbivores have

_ _ R4 access to plots
soils are too saline (50-60 ppt)

Figure 15. Past experiments have shown that cordgrass transplantation doesn’t
- work when these conditions exist,
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seed germination and earty growih are
the crificat stages for establishing
cordgrass, but that herbivory and
compettion with mare cpportunstic
marsh species can lmit growth and
survival after the initial establishmeni.

Establishing
cordgrass: from seed
to successful
establishment

1. Seed collection Cordgrass flowars in
late surmmer and generally produces
seed in October. By tate December.
many seeds will have falien from the
plants. so that the ideal collecting time
is November-early December. Seed
production is highly variable both within
and between sait marshes. Healthy
robust seeds will have the highest
germination rate and patches of good
seed should be sought before collect-
ing Collecting in ttself is disturbing to
marshes. Whole inflorescences can be
clipped from the plants into paper bags
for transport to the storage facility.
inflorescences otten develop black
fungal growths and may be infested
with granivorous beetle larvae. We saw
no evigence that such infloresences
cannot produce viable seeds. Rather, il
appeared that dunng the years of infes-
tation all inliorescances can become
inlested; those without smut may Simply
be younger.

Seed production at Tijuana Estuary
astimaled from collections in faill 1979
was pstimated as follows:

15 intiorescences per m? in jow
marsh

approx. 70 seens/inflorascence
approx. 1.050 seeds/m®

Howevar, most of ihese seeds wera nol
viable. Of the seeds collected, only
about 17 % were viable, 8¢ that collect-
ing 15 inflorescencas might yield about
175 viable seeds.

Sead viabdity can be determined with
tetrazolium dye (uptake indicates viabil-

ity) or by eye (robust-appearing seeds).
The visual method suggests higher
rates than tetrazolium, sometimes as
much as twofald.

Companson of seeds collected at vart-
ous sites at Tijuana Estuary and the
San Diega River showed high variability
of garmination. Low germination rates
were atiributed to shedding of good
seeds prior to collection (indicating the
need to watch populations carefully and
collect shortly after seeds become
plump).

2. Seed storage. Alter callection,
cordgrass seeds should be allowed 10
ripen by storing them underwater in &
cold room for one monin,

Salinity of the storage water does not
strangly affect germination rate (based
on trials using 0. 70 and 100% sea-
water = 0, 24, and 34 ppt). All storage
was in a dark 41°F (5°C} cold rogom.

Germination rates decline quite rapidly
with storage times longer than one
month.

a. Laboratory germination of seeds.
Afler seeds have ripened under cold
storage, they can be germinated by the
following technique. Rinse with a 25%
Clorax bleach-75% freshwater solution
to reduce spoilage. Place on filter paper
in covered petri dishes and provide
alternating light/dark conditions with
warm temperatures. We achieved faster

. germination (bul not higher %) using 12

hr light at 35°C/12 hr dark at 20°C than
with 25°C days and 15°C nights. Seeds
should be watered with fresh water, as
saline conditions at this point reduce
germination. The highest rate oblained
from plump viable-appearing seeds (not
from random assortment of seeds
collected) was 85% atter 95 days of
incubation in a growth chamber.

Atternpts o stimulate germination with
potassium nitrate were ineffective, while
use of kinetin, gibberellic acid, and
thiourea and the slitting of seed coats
wera aclualiy detimental.

4. Seedling growth. Seedlings can be
grown in plastic pots set in pans of

water. wilh enough moisture to keep
soil saturated. Seeding survival was
higher (42%) in continuously saturaled
soils than in flats watered at intervals
by a drip system (11% survivall Seed-
lings grew best under greenhouse
conditions. Qutdoors, fresh water ang
shade were advantagecus. suggesting
that cordgrass seedlings are pocrly
adapted for establishment in exposed
environments thereby explaining their
rarity on exposed mudflats

Controiled expenments with seedling
growth under three leveis of shading
{100, 43 and 30% light) and with pots
flooded with lhree types of water {0, 24,
and 34 ppt = seawater) did not yiewd
significant diferences amang ireat-
ments. Howaver. growlh under fresh
water conditions may have been
reduced by higher rates of insect graz-
ing. About 50% of the seedlings grown
in tresh water were grazed, compared
{0 8% and 4% for brackish and seawa-
fer treatments. Therefgre, it is recom-
mended that seedlings be reared in
slightly brackish waler with some shade
and protection from inssect damage.

Summary of success
in growing seedlings
for field
transplantation

Beginning with 100 seeds which were
assumed to be viable from lheir robust
appearance, an average of 17 planis
were produced for field transplantation.
The critical slages were seed germina-
tion and early seedling growth, as ind-
cated in Table 6.

1. Seedling growth studies. If seedlings
need to be retained prior to field trans-
porlation, it is recommended thal they
be given increasing amounts of light
under freshwater conditions. Seedlings
kept in the greenhouse experience elio-
lation (tall growth with pale coler), while

Table 8. Germination and sarly establishment limit cordgrass establishment

Nov-Dac
1 Mo.

1 Mo.

1:2 Weoks

1-2 Weeks

Feb-Apr
1-2 Weaaks

Coliection robust

in tigld + e 100/s000s=p 47 germinate em=dp to be

ripening

in petri
dishes

38 survive

potied

18 survive
potting
procedure

17 survive 10
be transplanted
to field

47%
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imose moved to full light develop a
larger number of new shoots.

Expermerts beginning with about 7 cm
tigh seedings and grown an addibonal
12 weeks gave lhe following resulls:

Table 7. Seedlings grow best if started in the gresnhouse

Average height
afler 12 whks growth

# Shoots as a % of

Treatment # at start of experiment

Grown inside greenhouse 12 wks 32 om

8 tm

100-500%

Grown outside tor 12 whks 75-100%

Grown nside 2. wks. ihen

moved outside for 9. wks 14 cm 175.325%

Comparison of seedling survival and
vegetative propagation with sahnities
gave lhese results:

Table 8. Low salinities foster growth

Treatment # Shoots as % of ¢ at start of experiment

In flowing water trays (ouldoors)
Saawater {34 ppt) 419,
Brackish waler (24 ppt) 68%
Fresh water {0 ppt} 265%

{heavy morality)
{some mortality)
(good vegelative

Transplanted to San Diego River
Marsh with low sail salinity (5-20 ppt)

2. Propagation of rhizomes, Propaga-
tign from rhizome segments is not likely
to be faasible. Our attempts to grow
segments of one- and two-node length
and tip sections of the rhizome yielded
only a few plants from the tip sections.
All were grawn in ficating agquaculture
{(hydroponic) canditions under various
salintlies. Various atternpts (o grow
rhizoma segments in sand, soil, and
water in the greenhouse and cuidaors
did not succeed.

3. Attempts to increase vegetative
reproduction in the lab. Sprigs grown in
pots for 2 weeks and pruned 10 5 cm
height as a possible technique for
increasing vegetative reproduction
experienced heavy morality. Pianis
held in nursery conditions should be
Protectad from high light, high salinities,
and herbivory. They do not adapt well
1o traditicnal pot culture.

4. Seed garmination In the field.
Cordgrass seedlings are distinguishable
from vegetative sprouts by their narrow
ieaves, small stem dlameters, and
generally more delicale appaarance.
Only raraly have such seediings been

observed in southern Calitornia
marshes. During our July 1980 survey
of cordgrass expansicn along the aban-
daned sewage lagoon at Tijuana
Estuary, we localed a small number of
plants that were isolated from larger
patches (e.g., several melers away).
Excavation of one of these patches
indicated no vegetative conneclion with
other patches {Fig. 16). and we
concluge that the new planis arose
irom seed, The seedlings were lound
after a winter of heavy flooding and
marsh soils of unusually low salinity
{Zedier in press). Other annual surveys
of cordgrass {monitoring 100 locations
within the less disturbed marsh at
Tijuana Estuary from 1979-present)
have failed to locate plants that look
like seedlings.

Experiments to establish cordgrass
seadlings were set up on February 2,
1981 near naturally occurmng cordgrass
patches {again, along the shore of an
abandonad sewage lagoon at Tijuana
Estuary). No seedlings ware found in
April or July of 1981, despite rather
olaborate attempts to create suitable
conditions. The experiment included 3

reproduction)

{good vegetative
reproduction)

replicate plots for each of 4 treatments:
seed scattered under normat
picklewesd canopy. seeds buried,
seads placed on raked soil; seeds
placed on soil afler algal mat was
removed. Each plot was sown with

| approximately 480 seeds, for a total of

nearly 6 000 seeds. Lack of germination
may have been due to the high soil
salinities during the reiatively dry winter
(the planting site had salinities of 42-48
ppl on Fab. 27 and 52 ppt on July 6,
1981). All seeds had been collected in
Nov. 1980 and stored underwater in the
coid room.

5. Growth of seedlings in the laboratory.
Seedlings were rsared in the
greenhouss in plastic pots set in about
an inch of tap water. Plants heid int the
greenhouse tended not 1o muMiply
vegelatively in the 10-13 week obsarva-
tion period while those which were
transferred outdoors and grown for a
1otal of 17-21 weeks doubied in density,
as seen in the following table.

To ercourage vegetative expansion of
cordgrass seedlings, move plants oul of
the greanhouse cnoe they appear to

27



Table 9. Comparison of seedling mulitiplication rates
{all data from 1980}

Time inside
greanhouse
Dates Weeks

Time
outside
{woeks)

Numbaer of original
seedlings remaining
on 7/21

Mumber of new

side shoots
on 7'21

Percent
increase

313422 5+
4:17-4125 1
5107186 10
5:30-7°21 |

have established a good root system.
We attempted but were unable to root
side shoots which we broke off the
“parent seediing.”

6. Transplantation of seedlings to the
fieid. It appears that seedlings grown in
tresh water can be transplanted 1o the
tield even during the stresstul condi-
tions of summer. The first seediing
transplantation experiment took seed-
lings which were grown in fresh water,
first in the greenhouse and later
outdoors {see Table 7).

One hundred seedlings from 19 pots
{see Table 9) were transplanted 1o the
share of an abandoned sewage lagoon
at Tijuana Estuary on August 8, 1980.
A census on October 20, 1980 (when
the soit salinity was 35-37 ppt) showed
that ali pots had survivors, and density
had increased vegetatively to 155 indi-
viduals. Seedlings that began growth on
March 13 had the poorest succass on
transplantation to the field {93%
survival) while the other three batches
all continued 1o increase in density
{from 156 to J00%).

Figure 16. Cordgrass seed-
lings ave rare in the salt
marsh, but several were
found after the 1980
floods reduced soil salin-
ities at Tijuana Estuary.
Lack of a rhizome con-
nection {lower photo)
indicates that the plant
is not a vegetative sprout
but a seedling.
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Table 10. Plants can be reared In fresh water and transplanted directly to saline solls

Numbaer aet out
on 10.20:80

Seedlings grown in:

Number of survivors
on 12860

Numbar of survivors
on 22781

Fresh waler
Brackish water
Sea waler

Experiments 10 compare surveval of
seedlings grown at different laboratory
salinities ouldoors showed little imimal
difference n survival atler being ptanted
on the bare shore of an abandoned
sewage lagoon at Tijuana Estuary (35-
40 ppt soit salinity, Table 10)

However, long-term survival {4-month
census) was significantly lower among
soedings reared in freshwater. Whilg
the cause of mortality at this state 1s
unknown, it must relate 1o something
other than transplant shock.

170 153 (90%)
114 103 19071
6 3519770

7 Growth of shools fransplanted from
field to laboratory. Shoots taken from
marshes for tuture transplantation
should be held in pols set in flowing
water tables (Tahle11)

8. The influence of sol salinity and

. grazing on transplantation success.

Field experimental piantings of
cordgrass {whole plants in sall cares)
were undertaken Io determine if frans-
plant shock, source of plants, or sail
salinity of transplant "garden” altected
transplant survival. (1 these factors.
oniy soil salinity was a problem. and on

Table 11. Helding plants in low salinity conditlons
improves survival, height growth, and flowering

Shoots held in:

%Survival

Averags maximum
helghtl {cm per pot)

%Flowering

Frash water (0-05 ppt) 128"
Brackish water (20 ppt) g
Seawaler {34 ppt) as

77 57
67 20
48 4

‘Vegatative reproduction cccurred in some plants.

113 (66%)
94 (82%)
30 (83°%0)

this basis, it 15 recommended that sites
wilh more than 50 ppt be desalinized
prot 1 lransplanting cordgrass

These early expenmenis with corgs
also indicated the seventy of the graz-
ing problem. Two kinds of grazers
appear 10 damage plants — birds which
aal leal tips and smalt mammals which
bite ofl slems and eat the pith.

Results of the core fransplant experi-
mants show that growth can be
substantial if plants are placed in suit-
able soils and escape grazing (Table 12}.

Figure 17. CALTRANS developed an intertidal cordgrass nursery near San Diego Bay to hold
and propagate plants for later use in marsh restorstion. Plants were sahaged
frunapatehmrmeSﬂutmduﬂmdtoboﬁmmmghmm
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Tabia 12. Comparizson of transplant success — whole plants in soil cores:
Transplanted in spring, censused in August 1979

Contrel = test of transpianting method within corggrass habitat
Planted 2 22°79 at Thuana Estuary.
9 out of 10 cores survived
Best success = 94% survival after 4 months at Tijuana Estuary abandoned sewage lagoon {mudilat hatitaty

Planted on 4-5.79 with 46 ppt soil salinily.
31 out of 32 cores survived

intermediale success = 10-83% survival with some cores showing substantial vegetative
expansion in dameler of cordgrass canopy
Planted on 3/6/79 at San Diego River mudfiat with 34 ppt soil salinity: 11 oul of 12 cores survived. maximum
expansion = 1.0 meler diameter
Plantad 6 12 79 al Tijuana Estuary wilhin cordgrass community {lo serve as a control on transplanting
melhod) with 36 ppt soil salimty 9 oul of 10
Planted on 2 22 78 at San Diego River mudfial wilth 25 ppt soil salinity: 1 out of 10 cores survived, but the
surviving transplant expanded 1.6 meters i diameter in 2 manths, and by the end of 1he next growing
season, the palch had expanded o a diameter of B-10 meters

Poorest success = 10% survival and no vegetative expansion of SUNIvors
Planted on 2.22-79 at San Diego River mudfial with 21 ppt sofl salinty: O of 10 cores survived. grazers elimi-
naled plot
Plantad on 222 79 at San Diego Aiver mudtiat with 37 ppl soil saliniy; 1 of B cores survived. grazers
ehiminated plot
Planted 3:20:79 at San Diego River mudflat with 80 ppt soil salimty; 1 of 12 cores survived: salinity
probably was major strass
Planiad 3.22:79 al San Diggo River mudtiat wih 61 ppt soil salinily; 0 of 12 coras survived: salinity
probably was major stress

Using whole plants in soil cores, it was
pasaible to transplant cordgrass
throughoul the growing seasen.
However, In many areas, soil salimty
wili increase through early fall, and
chances for successiul transplaniation
wilt dacline.

Ot all \nese transplanted cores, one of
the Faebruary 1979 piants had an
oulstanding success, expanding to an
8-10 meter patch by July 1981 (Fig.
18). Part of the explanatian for its good
growth was the low scil salinity in the
San Diego River channel following the
1980 fioods and subsegquen! freshwater
runoft from irngation in the watershed.
Soil salinity was reduced to 0 ppl in
winter 1980, but becama as high as 33
ppt in tall of 1981. i then declined
?gaeg and was only 25 ppt in June

9. The influence of nitrogen fertilization,
removal of compaetitors and protection
from grazing on cordgrass transplants.
The high montality of transplants in the
earty experiments suggested a number
of additional techniques to improve

ﬁrﬁmgmg;ﬂwm 'w ;',g work. | Figure 18. Under conditions of low soil salinity, low wave

reduce the work load in transporting force, and low grazing pressure, transplants of
plants. aslq‘ggs weréa stc:mr;og Ir}rr:m creek cordgrass can be highly successful. This8-10m
banks at Tyuana Estuary, in buck- diameter patch arose from asingle stem planted
ots ot water, and often stored two growing seasons prior to the photograph.
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several days in a dark cold room with
no appareni harm

Three experiments were sat up in the
San Diego River on December 10.
1979 1o determine the effects of fertiliz-
ing with urea of removing the exisiing
canopy of picklewaed 1o reduce
competition; and of caging plantings
with aviary wire [ . inch mesh] to
exclude grazers. These first plantings
were observed Ior about a month.

The rainfail in winter 1980 was
extremely heavy and flooding was
savere (s0il salinity was 5-10 ppt by
January 15). All the above plantings
were washed away by March 24, 1980
Foliowing the January and February
fains, an Upsiream reservoir was
lowered for additional Hood prolection,
and fresh water continued to flow into
the marsh well beyond the natural rainy
seasan. The dominani pickieweed
vegetation was killed and replaced by
rapidly invading cattails (Zedler 1981).

The transplantation experimant was
repealed in a similar fashion, with two
modifications: sprigs of cordgrass were
collected on 4.23/B0 and planied on 4
30:80 in arsas where cattais had and
had not been cleared. Ferlilizer was
added at the rate of 10 g urea'm?
concentrated near the base of each
sprig on 4:30:80. Urea was added
again 7/3'8C using the 1970 procedure.
The urea addilions of 4/30:80, concen-
trated al the base of sach sprig, were
highly detrimental. Morlality was evident
by 520:/80, and fertilized plots
conlinued fo decline through the 1980
growing season.

Rermowval of overstory vegetation had an
enormous effect on vegetative growth
and reproduction by cordgrass. After B

Table 13. inltial sxperimants at the San Diego River marsh
indicatad that grazers had mors effect on
transplantation success than nitragen additions or
removal of compatiiors (pickieweaed].

Results from first trial:

Number of
cordgrass
aprigs
planted on

Treatment 121079

Survival to:

122879

11580 Interpretation

Plus urea’ 80

80

Mmus urea 8
80

Plus pickleweed

Minus pickleweed B0

58

50

£5

43 No etect
| fert

44 lertillzer

a1 | Noefect
i of
46 compelition

Plus cages 80
ino grazers)

Minus cages
[grazers allowed)

80

63

45

55 » Strong eftect
I grazers cut
survaval

28 in hall

*Approx. 90g urea was added lo each m*{40g N-m™ on 121079 122879,

and again on 1-15 80

months’ growth, callails and sedges
had onginally encroached on the
cleared plot, but cordgrass densities
wara 3.6 times higher where

. competitors had besn removed; by the

followirng August (16 months after clear-
ing and planting). the diflerence was
10.5 times.

Exclusion of grazers likewise had a
dramatic effect on survival and vegeta-
tive reproduction of cordgrass, an effect
which showed up earlier than the
cornpaetition effect. Twe months after

planting, caged piants had twice as
many shoots as uncaged plantings.
However, the effect did not continue to
increase, indicating that grazing is
mainly a protiem in the early stages of
transplantation when densities are low.
Once the canopy of cordgrass begins 1o
closa {or invasion of other speces
occurs) herbivory 15 less of a problem.
Thaere are at leas! two possible expla-
nations for this finding' a} grazers may
ba less attracled to plants within a
closed canopy than 10 those

Table 14. Excess fertilization and competition with cattalls reduced

cordgrass survival alter the 1980 floods.

Number
pianted
4/30/80

Survival to

5/7:80 5/20/80 6/4/80

71/3/80

12:29/80 81881

80
70

Plus urea
Minus urea

64
108

&85
70

80
70

36 - -
279 329 666

35
as

Plus cattails
Minus cattails

58
49

35
35

35
35

58
608

A
258

96

Plus cages
(no grazers)
Minus cages
{grazers aliowed)

Soil salinity (ppt)
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Cumulative plantings

Year2

400
1600
0.33

Year 1

100
400
0.08

Yards along shore
5q. yds. of shoreline
Acres

Figure 19. Pianting plan from on-site nursery to nearly a mile of planted shoreline.

surrounded by bare space and’or b the
tissues of newly planted sprigs are
more attractive to grazers than those of
older plants (effects of secondary plant
products).

Caging out herbivores had a somewhat
greater eftect where the overstory vege-
tation had been removed than where
cordgrass sprigs were “lost” in the
ambient vegetation. The ratio of caged
1o uncaged plants was 1.3x where
cattails were cleared, compared to 0.9x
within the cattail canopy on 7/3/80.
Because caging becomes expensive, it
may be preferable to plant cordgrass
within existing vegelation (where it is
availabie), even though the sprigs will
spread more slowly with a competing
canopy.

The above experimental results also
give a good indication of the potential
that cordgrass has for vegetative
expansion under various salinities.
Using the values for unfertilized plant-
ings, densities increased from 70 to 279
under mildly brackish conditions (four-
fold increase in 2 months). Reproduic-
tioh was slowed between July and
December, probably in response to the
cooler temperatures. Normaity,
cordgrass has its major growing period
between March and Septembar. The
fullowing year, cordgrass increased
from 329 to 666 under brackish to
saline conditions {only a twofold
increase in an 8-month interval). Soit
salinities were higher because 1981
was a drier year, and tidal water had a
greater influence than nunof.
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10. Extrapolating from experimental
results fo implementing the cordgrass
establishment procedure.

Select a protected site with eleva-
ticns of 3.5-4.5 feet above MLLW.
Maimain soil salinities at about 20
ppt with artificial watering. Plant
cordgrass at 2-yard (2-m) intervals,
using sprigs.

Cage plants in aviary mesh (Fig.
11) if the site is bare of cther
camoutlaging vegetation.

With good survival, plantings in an

initially established “on-site nursery” of
100 plants (400 yd?) should muitiply to
plant an additional 1200 yd? within one

. year; replanting these stems should
" allow ultimate plantings over a 1600 yd®

i area the following year. Thus, in three
- years, a total of 6000 yd” could have
. good cordgrass cover {Fig 19).

Altemmalively, use an expernmentai plant-
ing design.

| Pianting cordgrass as an experiment

will take longer but wili provide more
information about conditions controiling
transplamation success (Zedler 1983).

Year 1: Plant strips (perhaps 25 sprigs
= 25 yds of shoreline) in areas
of differeni environmental
conditions {i.e., differant expo-
sure to waves, various soil
salinities, efc.).

At the end of the first growing
season, assess planting

success, both &8 percentage
survival of sprigs and diameter -

expansion of survivers.

Year 2. Based on the environmental
conditions where transplanta-
tion was most successful,
select arsas for additional
plantings, consider amending
unsuitable sites to improve
transplanting success, imple-
meant amendments.

Year 3: If amended sites are still unsuit-
able for cordgrass, consider
alternative restoration
measures.



ASSESSING THE PROJECT’S SUCCESS
—— - -

The success of salt marsh restoration
should be evaluated in two time scales:
short term assessment of the new site
conditions (the immediate response of
the hydrological and biological features)
and long-term development ol the
pcosystem. Success in the short-term
may not assure success in the long run
becauvse marshes are dynamic systems
subject to accretion and erosion. Like-
wise, failure in the short-term does nol
necessarily preclude success later on
because conditions for eslablishment
may improve &s weather and other
srvironmental factors change. For
these reasons, it is essential that the
detailed monitoring of initial marsh
development be followed by long-term
analysis of acosystem structure and
tunctioning.

At prasent there is very little information
available on artificial marsh establish-
ment at any time scale (Race and
Christie 1982). Most of the experimentat
work has been done on dredge scil
slands under the U.S. Army Corps of
Engingers Dredged Material Research
Program (Environmental Laboratory
1978). Of their six experimental
marshes, only the Alameda Creek site
in South San Francisco Bay was
located in California. This was the least
oflen monitored and least detailed study
carried out in the Corps program. [n
southern California, various wetland
restoration projects have been initiated,
but none has been set up as a
controlled expetiment, and only one
area, the western arm of Mugu Lagoon
(cpened to tidal tlow to improve bird
utiization) has been regularly

monitored. Thers is no scientific
account of any marsh restoration in the
region. The experiments described in
this guidebook were not intended to be
whole marsh restorations but to provide
methods for others to implament at a
larger scale.

There are now a variety of restoration
Projects which are ready to utilize these
fecommendations. it is essential that

Projects serve as wholeg-marsh
SXperiments that are monitored through
lime and evaluated at intervals so that
the results can aid the planning and
Mplementation of newer restoration
Projects,

What should be
monitored?

It is not enough o manitor only the
planted vegetation. Salt marshes
consist of hundreds of species of algae,
vascular planis. invertebrates, and
vertebrales (summarized in Zedler
1982a). However, the ecological
complexity of the marsh makes it
impossible to monitor everything. A
reasonable compromise, subjec! to
further modification, would seem to be
the monitoring of those features thal
ecologists find to be important indi-
cators of ecosystem function plus hose
features which the public views as
important assets. Al present, the follow-
ing sait marsh characteristics fit on
those lists:

elevation

sail salinity

toxie compounds

exlen! of unvegetated salt pans or
bare ground

plant species compaosition (totai usi
present)

plant cover and heaight {for each
commaon species)

algal cover (estimated %% cover)}
and predominant types {diatoms,
bluegreen, green, and
yellowgreen algae)

cordgrass density

invertebrate species composilion
aspeciaily crabs,
shaiis, and insects

bird use
especially Belding's Savannah
sparrow and light-footed clapper
rails

fish utilization of tidal creeks
and pools {including eggs and
larvae)

Many features telt to be crilical for
ecological understanding of the ecosys-
tem probably should not be regularly
monitored in newly greated marshes
because they require highly destructive
sampling in order to provide reliabie
data. Primary productivity {which
requires frequent harvesting of vegeta-
hon) is such an example. Measuring
animal productivity is both difficull and
destructive. Therefore, the indirect
measures of assessing density, cover,

. efc. are recommended as substitutes,

at least for the shert-lerm monitaring
program.

"~ A verlicai aerial phato of the site should

be cbiained annually as the simplest
characlerizalion of the site. If taken In
the late fall or early spring. air photas
can be used to distinguish generai plant
communities. because the cordgrass
and pickleweed will aiffer in color.
Cordgrass baecomes yellow to brown in
winter; pickleweed turns red; and sali-
wort becomes yellow. Summer photos
show most species to be green and

© less distinguishable.

Permanent transects should be laid out
and marked for continuing measure-
ments of the habitat al regular, easily
reiocated intervals from the lowest to

" highest elevatons within the project

site. At least twice a year, soil salinity
should be determined. A measurement
in early spring (after winter rains) wil
provide information on the lowest soil
salinities, while 8 measurement in late
summer (end of drought season) will
pravide data on the most stressful salin-
ity condilions. Elevation should be
measured once at the beginning of the
marsh establishment pragram, and
yearly or biennially thereafter. It heavy
flooding occurs, additional measure-
ments may be indicaled 10 assess

“When we can break out of the passive mode and learn
fo treat the acquisition of functional information and
indeed the whole management process as fundamentally
experimental activities requiring active planning and judg-
ment, then we may begin to talk about a science of

ecological management.”

Page 183 of Carl J. Walters and Ray Hilborn. 1978.
Ecological optimization and adaptive
management. Ann. Rev. Ecol. and Systemat-

ics 9:157-188.
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arosicn or accretion. Toxic compounds
{hydrocarbons, Boran, heavy metais,
#1c.) may warrant frequent monitoring.
depending on the past histary of the
sadiments. Particle size distribution in
the sediments influences soil maisture
and salinity as well as invertebrate use,
and this soil feature should be exam-
ined at the heginning of the project,
Frequent measurement is probabty not
necassary unless flcods or winds
appear to be aitering substrate texture.
Organic matter content may prove
useful in assessing site gevelopment.
espacially if soils begin with relatively
low concentrations. Those leatures that
are readily measurable (such as
organic matter and pH) should be
assessed in ¢ase it is later determined
that the information is highly valuable —
likewise, their determination should be
discontinued it the data are not useful,
The monitoring of artificial marshes is
itself an experimental process. and new
pragrams should benefit from past
successes and failures.



RECOMMENDATIONS FOR INFORMATION

STORAGE AND DISSEMINATION

Because whole-marsh restoration is sti
an experimental process, there needs
to be established a system for filing and
dispersing information on the success
of each project. Who should be respan-
sibie? Who should finance it? It is easy
lo suggest appropriate sources, bul
diflicult to implement a ptan for deposit-
ing and disseminating information. With-
out regulations requiring these actions,
all must be voluntary. To make the
process as painless and inexpensive as
possible, the following plan is proposed:

Monitoring 1s required of projecis
approved by the Coastal Commis-
sion or other public agencies.

Contraciors carry out monitoring. foliow-
ing guidelines in the preceding
section and modified to meet current
Coastal Commission guidelines.

Information is assembled on standard
forms, photos are taken regutarly
and annotated: an annual summary
keyed to the forms and photos is
prepared and submitted to the
permitting agency.

Permitting agency staff reviews report
for compliance with requirements.
Relurns to contractor for any neces-
sary additions.

The Tijuana River National Estuarine
Sanctuary could serve as the
repository for these reports. Once its
Interpretive Center is butli, it could
provide facilities for storage. use,
and updating of such materials.

The Sanctuary Managers would then
be responsible for making informa-
tion available 10 users — either by
xeroxing and distributing the
requested informaticn or by provid-
ing a place for users to examine
past reports. The Manager would
maintain a mailing list of users for
use in advertising newty available
information.

New proposals for rastoration would
have to include reference to previous
prajects in their ptans. demonstrating
that their plans were either impraving
on pgst experience or in accordance
with current knowledge. Making sure
that this was the case would be the
responsibility of the Coastal
Commission in consultation with
Sanctuary managers.

A periodic overview ol restoration
should be funded at, perhaps, five-year
Mervals. A single contracior or
resaarch group would bring together

information gathered in the previous
five years, plus visit all restoration sites
and compare the ecological attributes of
restorations of different age. This
census should probably include similar
information from less disturbed marshes
in conjunction with a five-year census of
the esluanne sanctuary salt marsh. The
ecological information to be gathered
weuld be warked aut with the sanctuary
manager and concerned scientists. I
preparing the synthesis of intarmation,
the monitoring data, five-year restora-
tion census dala, and sanctuary census
data would be brought together 1o
answer the following questions:

|. How similar are the artificial and
less-disturbed sall marshes with
regard to the list of marsh trails
suggested for menitoring on page
31.

Il. What variablas correlate with the
differences among the artificial and
less disturbed salt marshes?

(time since restoration, degree of
tidal flushing, etc.)

lll. Based on the answers to | and il
what new recommendations can be
made for establishing marshes that
most rapidly resemble naturally
functioning ecosystems?

The synthesis raport and all data would
be deposited at the Sancluary. and a
summary would be distribuled to us on
the maiiing list. The existing mailing fist
of attendees at the Restoration Work-
shop {Josselyn 1982} would serve at
the start.

“Many of these experimental studies met their original
goals of demonstrating the feasibility of establishing
marsh vegetation on dredge spoil or eroding shores; they
did not, however, answer many important questions
about marsh creation. . . . To determine the true feasibility
of marsh creation, rather than just vegetation establish-
ment, a critical reevaluation of the existing information is
in order.”

Page 322 of Margaret Race and Donna Christie.1982. Miti-
gation, marsh creation and decision making
in the coastal zone. Environmental Manage-
ment 6:317-328.
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COASTAL COMMISSION POLICY

ON WETLAND RESTORATION/MITIGATION
e

By Eric Metz, Wetlands Cocrdinatar lor
the Calitornia Coastal Commission

Under the Coastal Act, wetlands are a
high priority resource for conservation
and enhancement. Aithough in vary
limited instances some dredging and
filling of wetlands is permissible, the
Commission's wetland guideines have
established {hat there should be no ne!
ioss of wetlands. Accarding to the
guidelines, "Mitigation measures should
resiore areas which are no longer func-
tigning in a mannar benaficial 1o
watland specias.” The Coastal Act
provides the regulatory framework o
require resforation in exchange for
deveiopment within or agjacenl tc a
degraded welland, bul the Commission
does not raceive public funds to under-
take such projects on its own.

Values lost or degraded by a particular
type of development should be replaced
on site or in the immediale vicnity ol
the same marsh or estuary that will be
affected by the deveiopment. The
developer is responsible for the restora-
tion costs and for declicaling the land to
the public. Sometimes restoration siles
arg not immediately avalable. or difi-
culties are encountered in 1implamenting
the restoration program. In such cases,
the developer may pay an in-lieu fae 10
an appropriate public agency for the
purchase and restoration of an area of
equivalent productive value or equiva-
lent surlace area. The California
Coastal Conservancy, for example.
accepts in-iey fees for “land banking
arrangements which parmit the Conser-
vancy to implement r@storation projects
as sites become avaitable.

The Commission is also acutely aware
of the experimental, uncertain nature of
wetland restoration. it therefore
approaches mitigation efforts cautiously.
An underlying philosophy adopted by
the Commission is that it is better to
assume that restoration projects will fall
short of their expected results, than to
accept the notion tha! the final result wil
be equal 1o or greater than the vaiue of
the destroyed area. Such a phglosophy
is the reason the Commission in most
cases requires greater than 11 mltnqa-
tion and requires monioring and main-
tenance programs. ‘
However, the Commission is not afraid
io take some fisks since, as @ coastat
management agency, it has & dual rola.
k aflows and in some Casas encour
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: ages reasondble and approprate deveal-
" opment along the coast. while assuring

that coastal rasources are protected.
The Commission is cammilted 10 seek-
Ing innovative ways o accomphsh
these ends, and its guidelines provide
the necessary liexibility.

SAN IHEGO BAY

CALIFR Ny

Map 2. In 1859 San Diego Bay harbored a wealth of salt marshes
and Intertidal flats.




Exofic species are nol native io the
country of regicn where they are grow-
ing. When they become established

and parpetuate themselves in their
adopted land, they are said to be “nalu-
ralized.” In some cases. exofic species
pose paricular management problems,
usually as nuisances or pests (if they
frequantly occur where they are
unwanted) or noxious weeds {if they
readily invade areas where they are
unwanted and resist eradication}. None
of the exctic halophytes has developed
into such problems; most are simply
cutiosities — foreign plants that raise
guestions of how they arrived here, how
long they've been present, and whether
or not they compete with the native
vagetation.

Salt marshes have few exotics - but
they also have few native species, so
gven a handful of foreign species can
comprise a significant fraction of the
salt marsh flora. Why have so tew
exotic species invaded the southern
Californta sali marsh habitat? The

EXOTIC HALOPHYTES
o Y

answer lies partly in the severe environ-

. mental conditions that species must

« tolerate to invade salt marsh habitats.

' Worldwide there are only a few plant

- famikies that have evolved mechanisms
* 1o tolerate high salinity and only a lew

dozen species af vascular planis that
mhabit salt marshes. In addition to
being able to cope with the intertidal
saling habital, species must alsc have
good dispersal and early growth char-
acteristics in order to establish readily.
That is, they must be able to get to
newly available sites and to take root
and multiply rapidly Species that
produce large numbers of small, wind-
borne seeds are often good terrestrial
invaders, while floating seeds may be
more adaptive for entrainment along the
shores of bare mudtiats. If we examing
the exotic species in southern Califor-
nia's salt marshes, we find the following
traits which suggest a wide variety of
reasons for their ability to become natu-
ralized (Table 15).

Once establishad,can exotics be

- eradicated? Probably not. The only

attempt to eliminate an exotic piant
from a southern California marsh was
crganized by the light-footed clapper

: rail Recavery Team. They were

concerned that the rapidly \nvading
mangioves at Kendalt Frost Reserve
would prove aftractive roosts for chick
predators and that the mangroves
would after the cordgrass habitat which

* rails prefer for nesting. A clearing crew

was organized to uproot the plants, but
some seedlings were inevitably missed.
For even a highly visible species such
as this, the thorough searching reguired
to remove every planl would probably
cause more harm than its presence.
Only some form of species-specific
biological control or a rare weather

- even! that exotics could not tolerate

(e.g.. frost) might result in tolal eradica-
tion. More likely. the invagers. once
estabhshed. will remain.

Are exotic halophyles a problem?
Except for the mangrove case. litle
concern has been expressed over the

Table 15. Exotic halophytes in southern California sait marshes

Species

Where from

Where found

Noles

Avicennia marina
white mangrove

Cotuia coronopifolia
brass buttons

Atripfex patula
ssp. hastala
fat hen

Atriplex semibaccata
Australian saltbush

Gasoul nodifiorum
ice plant

Gasoul crystallinum
ice plant

Polypogon monspeliensis

rabbitfoot grass

Paraphalis incurva
sickie grass

New Zealand

South Africa

Eurasia

Ausiralig

probably South Africa

Europe

Eurape

iow marsh ang tidal creeks of
the Kendali Frost Reserve in
Mission Bay

COMMEnN on moist soils of
sevara plan commundies:
occurs in upper and middie
marsh elevalions

coastal salt marsh akkali sink.
moist saline habitats: oceurs in
upper and middie marsh

Saline waste places: occurs in
upper marsh and transion

coastal strand. coastal sage
scrub; occurs along denuded
pathis, upper marsh and transi-
tion

moist soils through Calitornia.
including alkaline and saling
soils: occurs in transition

coastal salt marsh and coastai
strand; occurs in transition

Inforrnation from Munz {1974) except for white mangrove (Paul Jorgensen, pers. comm.)

small tree; deliberalely intro-
duced to provide material for
physiological study: ‘arge seeds
germinale on parent piant: drop
10 mud and cortinue growth

perennial; winged seeds about
2mm long

annual: seed 1-2 mm

perennial: fleshy red fruiting
bract. seeds 1.5-2 mm

annual: seeds ~ .8 mm long

annual; small seeds

annual grass

annual grass




invasion ot salt marshes by exolic
species. To date, no effect other than
esthetic distaste has been identified.
There may even be some value in their
presence, because they indicate areas
of disturbance — disking. insufficient
tidat action, artilicially reduced soil
salinities — and because some are
useful indicators of welland habital. On
the other hand, they may be sutcom-
peting native species, reducing the
biomass of halophytes reguired by
native fauna {e.g., insects), hos!-
specific or even providing host plants
for pest species. Powell {1978} and
Nagano et al. (1981} have cailed for the
removal of the introduced ice plani
{Carpobrotus edufis) from southern
California dune habitats, on the grounds
that it is not utilized by native insects
and frequently takes the piace of native
plants which native insects require.
Whike no such problems have been
identified for salt marsh exslics, the
relationship of native and introduced
species bears walching.

{6 S
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AN ENDANGERED PLANT:
THE SALT MARSH BIRD’S BEAK

In some southern California salt
matshes we find a rare and lovely plant
whose flower resembles a bird's beak.
ts generic name, Cordylanthus, reters
to the flower shape — it means "club
fiower;” while its specific mame,
maritirnus, reters to its marine-influ-
snced habitat. The bird's beak found in
southern Califernia has been classified
as a separate subspecies, Cordyfanthus
marilimus ssp. maritimus, and listed

as an endangered species by the
Federal govemment (Federal Register
1978). Dunn (in prep.) has reexamined
the taxonomic status of the three
subspecies of C. maritimus and finds
no dear distinction, other than
geographic location, among the taxa.
The southern populations, however,
have bean greatly reduced by habitat
loss and continue o be threatened by
future development plans.

Since bird's beak is a part of the salt
marsh community and coexists with
seveval other spacies of salt marsh
plants, we might ask why it and not all
sat marsh species have bacome
threateried with extinction as develop-
ment encroached on the coastal
watland. Two features of the species
SUggest answers;

The planl occurs in the upper part
of the marsh which is close to
encroaching development.

The species is an annuai and it
must replace itself each year by
saiting seed — seeds which then
must germinate to perpetuate the
poputation. Mast of its associates
arg perennials which can persist
vegetatively from year to year, and
aven repraduce vegetatively when
conditions are unsuitable for seed
production.

However, neither of these explanations
is sufficient to explain why bird's beak
has been so0 dramatically reduced in
popuiation size. There are other
specias in the upper marsh which
haven't been eliminated by encroaching
, and thare arg other annu-

als which haven't been eliminated in
disturbed areas. There must be addi-
tional factors thal contribute to its status
as an endangered species. Dunn's (in
frep.} ecological study of the population
&t THuana Estuary showed that:

Some colonies of bird's beak

disappear even when no

. These and other observalions indicate

The stimulus that triggers germina-
tion appears 1o be lowered soil
salimty brought about by the winter
rains. Seeds begin 10 germinate
when walered with fresh or siightly
brackish {up to about 10 ppt) water.

Seeds siored tor ane year maintain
their viability and will germinate
upon watering with low-salinity
water.

These new findings provide an explana-
tion for the observation that bird's beak
colonies can fail and later reestablish: If
rwit ) spoil salinities are unsuitable one year,
ing begins in mid-May; fruits form seeds may remain in the habitat and

in early June: and seeds appear by : germinate wiih the next period of low
the middie of July. i salinity. However, we still don't have a

disturbance is apparent. Later,
these same colonies can become
reestablished so disappearance can
occur without permanent habitat
modification.

that seeds continue 'o be viable after at
least two year's dormancy. Second, it
appears that germination conditions are
critical to the colony’s persisience.

The phenolegy of bird's beak {Fig.
20jis timed as follows: germination
occurs after winter rainfall; flowet-

OND JFMAMJJ

PRECIPITATION
at Chula Vista

T 1

g 21 3 14
June July

T L] H 1

11 2027 4 11 23

April May
1981

Figure 20. Height and phenology of bird's beak at the
Tijuana Estuary salt marsh and rainfall at nearby
Chula Vista (inset}. Data points are averages of
45 plants from 3 bird’s beak colonies. Redrawn

from Dunn {in prep.}-
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complete explanation of bird's beak
population decline — if local colonies
can recover fram years of unsuitable
conditions, why has the overall trend
been for poputation decline in several
wetlands and slimination in others (e.g..
Los Penasquitos Lagoon}. An additionat
finding of Dunn at Tijuana Estuary ang
other southem California wetlands
supplies an insight:

Under normal conditions (relatively
undisturbed marsh), bird's beak
inhabits a very restricied habitat,
which can be characterized by its
elevational range. At Tijuana
Esluary, nine measured colonies
wera limitad to the namow band of
habitat occurring between 6-7 ft
MLLW. Openings in the salt marsh
canopy appeared to favor bird's
beak germination and early growth.

Compared to other salt marsh species.
this is an unusually narrow distribution,
Bird's beak, than, is either unable to
occupy a broader range of habitats or
its seeds never get distributed beyond
the 6-7 foot MLLW range. Dunn (in
prep.) thinks that both factors act 1o
restrict bird's beak’s vertical distribufion.
Although he was unable to do the
manipulative experimenis needed 1o
test each possibility, Dunn reasons frgm
other observations:

Styrofoam beads, painted to mimic
the size and density of bird's beak
seads, were dispersed pricr to a
high tide. Most were deposited in
the high-tide debris line in a narrow
band which correspeonded with
tird's beak's distribution. The upper
limnit of bird's beak may coincide
with tide levels at the time of seed
release.

A few plants found well beyond the
upper limit of one colony died
before maturing. Plants that
happen ta get dispersed beyond
the usual range of bird's beak can't
tolerate the conditions found there.

Sead produciion may also be a
limitirg factor for the species. Both
mortality of plants prior fo repro-
guctive maturity and low pollination
rates of mature fiowers can reduce
the number of seeds produced by
a colony:

Dummn (in prep.) followed 45 plants
through the growing season at

Tijuana Estuary and only 6% lived
to produce seeds. in & broader

sample of planis, densities of 190/
square meter were reduced to 75/
square meter (40% mortality) in 23

days.

One colony at Tijuana Estuary had
a potination rate of less than 35%,
atthough other colonies experi-

Figure 21. The sait marsh bird’s beak.

enced 85% pollination in the same
year.

Putting all of these findings together
with other characteristics of the species
leads to an explanation of bird's beak’s
susceplibility to disturbance. The
narrow habitat 1olerance, annual
habitat, and spring growth features
require that the conditions necessary
for germination (low soil saliniy and
sufficient sail moisture) continue well
into the growing seascn. At high eleva-
tions, the requirements of low salinity
ang high soil moisture will be met only
it goed spring rains occur. The species
does form haustoria which penetrate
the roots of other salt marsh species,
thareby providing bird's beak with an
alternative source of water {it's a hemi-
parasite), but haustoria formation prob-
ably requires several days o a few

' weeks. Prior to’ haustoria formation,
- seadiing mortality can be very high.

During the early growth period, tidal
inundation at high elevation is a rare
occurrence, and rainfali must occur to
provide soil moistura. If the proper
environmental conditions fail to occur
during the critical establishment period,
high mortality and reduced seed
production can result. Man-made distur-
bances, such as trampling or off-road
vehicle damage can further reduce
colony size and chances for survivat.
Failure of a colony for two or more
years in succession will reduce chances
for reestatlishment, as seed viability
dedlines.

Can bird’s beak populations be
restored? it would appear that artificiat

establishment is a possibility, although
no cases ol successful restoralion are
on record. Certainly thera should be an
efiort 10 prevent its extinction. However,
we urge several precautions:

1. Manipulation of bird's beak
requires a permit from the siate of
California and, it federal money or
land is involved, a permit from the
tederal government is also
required. Consultation with the U.S.
Fish and Wildlife Service is neces-
sary under Section 7 of the
Endangered Species Act. The
Siate Endangered Species Act
requires a Memorandum of Under-
standing from the State Plant
Ecologist. It will be necessary to
obtain permission both tor collect-
ing seed and for planting it in the
chosen site.

2 Minimal numbers of seeds
should be obtained in June or July
for an initial test planting in late
March or early April. Each bird's
beak plant preduces about 5
capsules, and each capsule
contains about 20 seeds, so that
seed harvesting can be kiniled to
just a few plants. Mature seed
capsules are brownish and have
begun to split open; avoid imma-
{ure greenish capsules. To separate
seeds from the capsule, crush
capsules by hand or rub against a
screen. The seeds are brown and
about 2 mm in diameter.

4. Sowing of seed (obtained under
permit) should be restricted to the



habitat most hkely (@ support a
healthy population. The 6-7 foot
MLLW elevatians of tidally flushed
wetlands wouid provide the most
natural habitat. while pericds after
spring rains should provida the
pest conditions for germination. We
suggest roughing up the soil
surface in patches of open canopy
where other salt marsh plants are
available. This will provide suffi-
ciant irght for early growth as well
as sunabie host plants for haustoria
devetopment.

4. Experimental sowings should be
marked and monitored for plant
condition. The soil salinity should
be maonitored nearby. If soil salinity
remains above 10 pot, and seeds
fail to germinate or seedlings show
signs of wilting, it may be neces-
sary 1o add fresh water to promote
egstablishment.

5. Ideally, the resloration atternpt
should be designed as a fisld
expariment (see Fig. 3}, with
replicated plats where known
amounts of seed are sown and
where envirocnmental conditions
{soil salindy and moisture} are
monitored frequently {weekly at
first). Each treatment can then be
avaluated for effectiveness, and
uncerainties about how to under-
take future resiorations will be
dimimished.

6. Planlings, if they succeed in
producing seedlings, should be
watched to maturity, and pollination
rates should then be determined. If
insuflicient poliinators are available
{as can be the case in disiurbed
wetlands), it may be necassary fo
propose corrective measures.
Researchers along the Atlantic
Coast are investigating the value of
raising honey bees near plantings
of dune vegetation! They find that
seed praduction is enhanced in
areas wherg pollinators are morg
abundant (Dietz and Krell, U. of
Georgia, unpub. data).

7. A successful test planting indi-
Cates that the habitat is suitable,
and some seeds from the mature
test plants can be collscted for
\Md_ar dispersal within the site
during the following spring.
Because of the high potentiat for
POpulation expansion (approxi-
Mately 100 seeds per plant), it
should not be necessary 1o collect
Seeds from other wetlands after the
first successhul test planting.
» Manual dispersal may be

sary (o spread seeds beyond
the initial planting. Again, marking
&nd monitoring all test plantings wil

allow you to distinguish natural and
artificially established colonies.
Once we know whether dispersai is
limiting to the spread of colonies,
we can provide better advice on
the most efficient means of estab-
lishing sait marsh bird's beak.

B. Finally. report findings 1o the U.S
Fish and Wildlife Service
Endangered Species CHtice, to the
California Departrment of Fish and
Game, to the Manager of the near-
es! Estuarine Sanctuary (Tijuana
River Estuarine Sanctuary in south-
ern Califernia). and to the author
tor usa in updating this guidebook.

Figure 22. Salt marsh bird’s beak grows near the upper edge of
the salt marsh, where disturbance is common. Foot
paths and urban debris deposits reduce habitat for
this rare plant.

41






REFERENCES
5y

Barbour, M.G. 1970. Is any angiosperm an gbligate halophyte? Amer. Mid! Natur.
84:105-120.

Barbour, M.G . and C.B. Davis. 1970. Salt tolerance of five Califormia salt marsh
plants. Amer. Mid). Natur, 84:262-265.

Brown. L.R., A.A. de la Cruz. M.S. Invester. J.P. Stout, C. T. Hackney. and R.W.
Landers. 1979. Evaluation of the ecological role and technigues for the manage-
ment of tidal marshes on the Mississippi and Alabama Gulf Coast. Miss.-Ala. Sea
Grant Consortium, MASGP-78-044,

California Coastal Commission. 1981, Statewide interpretive guideling for wetlands
and other wet environmentally sensitive habilat areas. Calif. Coastal Comrmissiaon,
San Francisco, Calif.

California State Coastal Conservancy. 1982. Los Cernitos Wetlands: Allernative
wetland restoration plans report. Catifornia State Coastal Conservancy, Oakland.
Calif.

Clark, J. 1977. Coastal scosystern management: a technical manual for the
conservation of coastal zone resources. Wiley-Interscience, New York.

Cowardin, L.M., V. Carter, FC. Goiet, and E.T. LaRoe. 1679 Classification of
wellands and deepwaler habitats of the United States. U.S. Fish and Wilglife
Service, Office of Biological Services, Washington, D.C. FWS.0BS-79:31.

Demgen, F.C. 1981. Enhancing California’s wetland resource using treated efffuent.
Unpub. report 1o California State Coastal Conservancy. Demgen Aguahc Biology.
Vallejo, Calif.

Dinges, R. 1982 Natural systems for water pollution control. Van Nosirand
Reinhold Co., New York.

Division of Ecological Services. 19680. Habitat evaluation procedures (HEP). ESM
102. U.S. Fish and Wiidlife Service, Dept. of Interior, Washington. D.C.

Ehrenteld, D.W. 1976. The conservation of non-resources. Amer. Scientist
64:648-656.

Environmental Laboratory. 1978. Wetland habitat developmtenl with dredged mate-
rial: engineering and plant propagation. Tech. Rep. DS-78-16. U.S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss.

Garbisch, E.W,, Jr. 1977. Recent and planned marsh establishment work thraugh-
out the contiguous United States: a survey and basic guidelines. Contracl Report
D-77-3, Environmental Effects Laboratory, U.S. Army Engineer Waterways Experi-
ment Station, Vicksburg, Miss.

Gersberg, R.M., B.V. Elkins, and C.R, Goldman. In press. Nitrogen removal in arti-
ficial wetlands. Water Research.

dosselyn, M., ed. 1982. Wetlland restoration and enhancement in California.
California Sea Grant College Program Report No. TCSGCP-007, L.a Jolla, Calit
Knutson, P. 1977, Planting guicelines for marsh development and bank stabiliza-
tian. U.S. Coastal Engineering Research Center, Springfieid, va.

Lewis, R. R., IIl. 1982. Creation and restoration of coastal plani communities. CRS
Press, Boca Raton, Fla.

Macdonald, K.B. 1977a. Plant and animal communities of Pacific North American
salt marshes. In V. Chapman, ed. Wat coastal ecosystems, Chapter 8, pp. 167-
191. Elseviar Scientific Publ. Co., New York,

Macdonald, K.B. 1977b. Coastal sakt marsh. In M.G. Barbour and J. Major, eds.
Terrestrial vegetation of California, pp. 263-294. John Wilsy and Sons, New York.
Massey, BW,, and R.L. Zembal. 1979. A comparative study of the light-footed
dapper rail Rallus longirostris levipes in Anaheim Bay and Upper Newpor! Bay,
Orange County, California. Unpub. Report to U 8. Fish and Wildlife Service,
Endangered Species Office, Sacramento, Calif.

Metz, E., and J.B. Zedier. 1983. Who says science can't influence decision
making? Coastal Zone '83, Vol. 1:584-600. Am. Soc. Civil Engr., New York.

43



Mooney, H.A 1977. Southern coastal scrub. In M.G. Barbour and J. Major,
eds. Terrestrial vegetation of Calitornia, pp. 471-487 John Wiley and Song
New York,

Munz, P.A 19874. Aflora of southern Calitornia. University of California
Press, Berkeley.

Nagano, C.D, C.L. Hogue, R.R. Snelling, and J.P. Donahue. 1981. The insacts
and retated terrestrial arthropods of Bationa. In R.W. Schreiber, ed. The biota of
the Ballona region, Los Angeles County, pp. E-1 to E-89. Supplement |, Marina Del
Rey/Ballona Local Coastal Plan. Los Angeles County Natural History Museum
Foundation, Los Angeles, Catif.

National Ocean Survey. 1980. Tide Tables 1980: West Coast ot North and South
Amernica. U.S. Depl. Commerce, National Oceanic and Atmospheric Admin., Rock-
ville, Md.

Neusnschwander, L., TH. Thorsted, Jr., and R. Vogl. 1979. The sait marsh and
transitional vegetation of Bahia de San Quintin. Bull. Southern Calif. Acad. 3ci.
78:163-182.

Niesen, T, and M. Josselyn, eds. 1981, The Hayward regional shoreline marsh
restoration: biolegical succession guring the first year following dike removal. Tibu-
ron Center for Environmental Studies, Tech. Report 1. Tiburen, Calif.

Pomeroy, W.M., D. Gardon, and C.D. Levings. 1981a. Data report of brackish
marsh fransptani experiments at the Fraser Estuary. Canadian Data Report of
Fisheries and Aquatic Sciences No. 274. West Vancouver Laboratory, West
Vancauver, British Columbia.

Pomeroy, WM., D.K. Gordon, and C.D. Levings. 1981b. Experimental transplants
of brackish and salt marsh species on the Fraser River Estuary. Canadian Tech-
nical Report of Fisheries and Aquatic Sciences No. 1067. West Vancouver Labora-
tory, Wast Vancouver, British Columbia.

Powell, J A 1978 Endangerad habitats for insects: Califormia coastal sand dunes.
Alala 6:41-55.

Power, D.M., ed. 1980. The Calilornia islands: proceedings of a multidisciplinary
symposium. Santa Barbara Museum of Natural History, Santa Barbara, Calif.

Purer, E. 1942. Plant ecology of the coastal salt marshlands of San Diego County.
Ecol. Mohogr. 12:82-11,

Race, M., and D. Christie. 1982. Mitigation, marsh creation and decision-making in
the coastal zone. Environmental Management 6:317-328.

Richards. L.A., od. 1954, Diagnosis and improvement of saline and alkali soils.
U.S. Dept. of Agriculture Handbook No. 60.

Sorensen, J. 1982, Southern California regional wettand restoration study. Unpub.
Final Report to California Coastai Conservancy, Qakland, Calif.

Sorensen, J., and 5. Gates. 1983. New directions in restoration of coastat
wetlands, Coastal Zone '83, Vol. 11:1427-1443, Am, Soc. Civil Engr., New York.

Valigla, I., J.M. Teal, C. Cogswell, J. Hariman, 8. Allen, A. Van Etten. and D.
Goehringer. In press. Some long-term consequences of sewage contamination in
salt marsh ecosysems. Proceedings of a workshop on ecological considerations in
wetlands treatmant of municipal wastewater, June 1982, Univ. of Mass., Amherst.
LS. Fish and Wildiife Sarvice.

Vogi, R. 1966. Sali-marsh vegetation of Upper Newport Bay, California. Ecology
47:80-87.
Waisel, Y 1972. Biology of halophytes. Academic Prass, New York.

Walters, C.J., and R. Hilbomn. 1978. Ecological optimization and adaptive manage-
ment. Ann. Rev. Ecol. and Systematics 3:157-188.

Woodhouse, W., W.E. Seneca, and 5. Broome. 1974. Propagation of Spartina
alternifiora for substrate stabilization and salt marsh development. Tech. Memo.
No. 46. U.S. Army Comps of Engineers, Coastal Engineering Research Center, Fort
Balvoir, Va.

Zedler, J.B. 1977. Salt mash community structure in the Tijuana Estuary, California.
Estuarine and Coastal Marine Science 5:39-53.

Zedier, J.B. 1981. The San Diego River marsh: before and after the 1980 flood.
Environment Southwest 495:20-22.



Zedler, J.B. 1982a. The ecology of southern California coaslal salt marshes: a
community profile, U.S. Fish and Wildife Service. Biological Services Program.
Wwashington, D.C. FWS:0BS-81.54.

Zedler, J.B. 19B2h. Wastewater input to coastal wetlands: managemen! concerns.
Proceedings of a workshop on ecological considerations in wellands treatrment of
municipal wastewater. June 1982, Univ, of Mass., Amherst. U.S. Fish and Wildlile
Service. Presented orally: praceedings in press.

Zedler, J.B. 1983. Salt marsh restoration: the experimentaf appreach. Coastal Zone
‘83, Vol. HI:2578-2586. Am. Soc. Civil Engr.. New York.

Zedler, J.B. In press. Freshwater impacts in nomally hypersaling marshes.
Estuaries.

Zedler, J.B., M. Josselyn, and C.P Onuf. 1882. Resloration techniques. research.
and menitoring: vegetation. In M. Josselyn, ed. Wetland restoration and enhance-
ment in California, pp. 63-72. Catlifornia Sea Grant College Program Report No.
T-CSGCP-007. La Jolla. Calif.

Zedler, J.B.. T. Winlieid. and P Williams. 1980. Salt marsh productivity with natural
and altered lidal circulation. Qecologia {Berl.} 44.236-24D.

45



ACKNOWLEDGMENTS
I

Research leading 1o this report was sponsored by the National Sea Grant Collage
Program, NOAA, Dept. of Commsrce, uncer Grant #NABSOAA-D-00120, #R:CZ-51,
and the Calilornia Siale Resources Agency, through the Calilornia Sea Grant
Coliege Program; by supplementary grants from the U.S. Dept. of Interior, U.S.
Fish and Wiidlife Services Biologica! Services Program {FWS-OBS-81/54) ang
Endangered Species CHice; by two contracls for nabitat enhancement through the
U.S. Navy, North Istand Naval Air Station and one contracl for experimental trans-
plantation through the Unified Port of San Diego.

Participants in the above projects have made this guidebook possible, and | am
especially grateful to the lollowng persons for their contributions.

Pam Beare (experiments on salinity tolerance of cattails).
John Boland. Sea Grant Trainee (sharebird utilization of coastal welland habitals}.

Jordan Covin, research assistant, who analyzed data, helped with field work. and
carried out Navy contract work.

Pafrick Dunn. Sea Grant Trainee (salt marsh bird's baak, an endangered salt
marsh plant).

Karoly Feltoldy, Sea Grant Trainee (salt massh microalgae).
M. Bruce Mcintyre {field expariments an effects of trampling marsh vegetation).

Chris Nordby, Sea Grant Trainee (fish utilization of coastal wetlands and research
assistant on Navy Contract).

Dennis Turner (field expetiments on nutrient additions 1o marsh vegeltation).
Phil Williams. Sea Grant Trainee (feeding relationships wilhin coasial wetlands}

Dr. Ted P Winfield, whe completed a dissertation an carbon and nitrogen dynamics
at Tjuana Estuary and who was responsible for much o tha plant productivity
work {here.

Gther students who have worked with me or taken my classes in wetland ecology
have alsa played an important role in shaping ideas, and | thank them all for their
input,

In addition, my thoughts on wettand restoration have been aided and clarified by
fruitful discussions with Drs. Christopher Onuf, Millicent Quammen, and Jens
Sorensen, concerning Los Cerritos Wetland and other southern California restora-
tion projects.

Alarge number of agancy personnel have broughl management quastions 1o my
attention, and their perspectives on various coastal wetland problems have guided
the preparation of this report as well as much of our research. For improving my
awareness and understanding of wetland issues, | thank Eric Metz, Jim McGrath,
and Tom Crandall of the Califormia Coaslal Commission; Scott McCreary and Susa
Gates of the California Coastal Cansarvancy; Ralph Pisapla, Monte Knudsen, Gary
Wheeler, Larry Dean, Dick Zembai, and Sharon Lockhart of the U.S. Fish and
Wildlife Services; Bob Radovich and Earl Lauppe of the California Department of
Fish and Game: Jim Neal of the California Department of Parks and Recreation,
Paul Jorgensen of the North Island Naval Air Station: Tom Firle and Michael
Needham of the Unified Ponl of San Diego; Dennis Turner and Richard King of the
City of San Diego; and Michasl Evans of the County of San Diego. NATIONAL SEA GRANT DEPOSITORY

1 am gratetul for the technical support of Anne Brook (cover design, artwork and PELL LiBRARY BLILDIIS

tayout}, Bardy Anderson and Jeannine DeWald (artwork), Katie Turner (editing), URI. NARRAGANSITT BAY CAnivlS

Kathi Smith {typesetting), and Kelly Anderson (facilitation). ' pties 2 e N .r“_ A 5
Joy Zadler NARRAGANSETT, R (2857

San Diego State University

RECEIVED

NATIONAL SEA GRANT DEPOSITORY
DATE.__MAY O9 184




